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a The object of this ; paper is to present a rapid and direct apne solution of 


the relation expressed by the Theorem of Three Moments, and to indicate the | 


app plication of this solution to a number of problems of ural 

S The method i is first developed for the e simplest problem of continuous beams, 

“assuming cor constant moment of inertia, sy symmetrical loads, and freely 


wn how. the method can ‘be extended ‘to 


it 


en ds. It is ‘then “shown 


pat 


application of the method i is further to the graphic | solution 


%, weabugo 
a It is ‘shown how tl the 4 graphic _ solution ca can n be applied to the determination — 
of bending moments, shears, and reactions for any g At given loading, and to the 
construction of influence lines for moving loads. 
of rigid portals and other indeterminate to problems involving the 
te 
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9 tion for practically any problem involving re- pe a4 
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etaien of supports ; and to short-cut graphic ¢ determinations a secondary 


‘stresses in bridge trusses. OF THe oF th 

fa A number of concepts are introduced which can be applied to advantage - 
in 


in the solution n of many other problems, and diagrams and tables are furnished | 


_ Practical usefulness and clarity « of ‘presentation have been the governing 


this body of the paper, and the necessary ry mathematical demo demonstrations are 


iven in condensed form inan Appendix. 


al 


= 


 inereasing ‘importance in “structural design. Before the general use use of re rein-_ 
forced conerete, the application of the Theorem of Three Moments was required | 
only in special structures. To- day, concrete buildings and bridges cannot be 


economically designed without a careful analysis of the moments in the 
tinuous b beams and slabs. present methods of such analysis, however, are 
: a so involved and tedious that most building ordinances have established arbitrary 


coefficients for moments in a continuous- beam. _ Needless waste of material 
2 ae... The writers are hopeful that an easy a fon obtaining moments in con 


A tinuous beams will gradually eliminate the use of arbitrary coefficients, thus | 
giving the | an opportunity t to. ) exercise hi his ingenuity and judgment 


toward obtaining maximum efficiency and economy. The use of prescribed 
coefficients makes the work mechanical and unscientific. coefficients 
for continuous beams as given in most building ordinances result in m ments 
which may be 50% too small or 60% too large, 
The availability of. simple, graphic solutions should also the 4 


increased u e of certain efficient forms of reinforced concrete construction 
which come under the classification of Indeterminate Frames. _ These struc- 


a tural forms have recently come into extensive use abroad in ‘response to eco- , 
+4 _nomie conditions ‘which demande maximum efficiency; but the development ‘of 


by a prevailing impression that the required analysis i is involved and tedious, 


deterring influence of an impression is generally under- estimated. 
em. The methods presented in this paper ‘should be helpful to the designer of 


s steel structures as well as to the specialist i in reinforced concrete. Of particular — 


interest to the bridge engineer should be the proposal of methods for * at 


ndary stresses. tediousness of the > stand- 
Ul MoU 


as unquestionably been an obstacle to the more fre 


- quent investigation of these stresses in bridges. This paper offers some simple 
graphic methods that will quickly give the secondary stresses i in any 59 


ofa truss, with sufficient accuracy for practical requirements. ~The availability 
such methods removes the prevailing excuse for ignoring these -importan 


mit 


of structural stress, and should be conducive. to ir 
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__The and are re used this paper, 


--, = supports in a continuous beam. verticals through 
these: points ts of support are called Reaction Lines, or R-lines. pol 


l,, ..., = span to right of R,, R, » Ry, respectively. 


lines of these respective spans are called C- -lines. The one- third 
ei ‘dines, « or verticals through the one-third points of the 1 respective vé spans, a1 are 
based called U and V-lines (U-line at left and V-line at right, respectively, in cn 
each span). By interchanging | the o one- -third ‘segments between the U ond 


near the R-line; this new vertical is called” ‘the Transposition Line, or 


T-line. e. (For unequal ‘moments of inertia, see Fig. 15; for varying» 


» Ay al simple-beam moment areas on the span, 1,, 


respectively; that is A is the ar area of the moment graph for 
loading on the span, if were a simple beam, etc. Verticals 
ony the centers of ghavity of these respective moment areas are called @- lines. 
eS For symmetrical loading in any span, the G- line coincides with the C-line, G 
| 


ay 


-— - 


send, 
Fic. 1—NOoTATION REFERENCE DIAGRAM FOR THE METHOD OF Ponts. 
My M Ma, My -++» ‘= moments a at supports, B,, R,, Ry, ..., respectively. If 4 
a, moments are laid off (with reversed sign) on the respective R- —* 
by straight line in each h span, the line i is 
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IN RESTRAINED AND CONTINUOUS BRAMS 


Uy = points on the one-third verticals, or U and 


in the spans. heights of “these points, for, sym- 


i. 


U- V points (the lines, V,- U,, V0 U., 


Q.; P. Ps Qs3:: ; = points, two in each ‘span, on the 

bets — line or closing line of the continuous beam. These are called the 

Conjugate Points. The P- “points are, on the left the Q- -points are on 

“710 the right in the spans. Consecutive P-points are mutually 

each being ‘obtainable from. the preceding one by a simple 
graphic construction similarly, consecutive Q-points are mutually 
oer: acy -_jugate. Commencing | at the left end of the continuous beam, the P- points 

are successively located ; commencing at the right end, the Q-points are 
locatec _ Joining the a and Q-points ‘span by 
J to common intersections 0 over the. supports , the 

= K,; Je Ky; = the projections on ase line, of the 
respective conjugate points, P, Pe Pe Gis, The locations 
aa le these J and K-points are found to be independent of the loading, and 
‘therefore they ar are called the Fixed Points of the respective spans. 


et are two in each span, the J-point at the left and the K- -point at the 


«P,Q, coincide e with the fixed points, J, kK. 


, expresses the relation 


n terms of the lengths of ‘span and the e applied loading. 


ag starting point for the proposed graphic solution of continuous and — 


estrained b beams i isa modified form of the Theorem of Three Moments, wherein” 


he moment ‘relation 18 expressed i in terms of the : simple -beam moment areas. 


corresponding fundamental equation is simpler in 1 form than the usual 


expressions, and more ‘convenient for graphic solution. 


_ Consider two | consecutive ‘spans of a continuous beam, as represented 


> Fig. 2. The- -simple- beam moment graphs, A. , and Ay, a are drawn above the 


ey base line i in the respective spans. _ The moments at the ‘supports, M,, M, and M,, 


vere 


— 


moment which must be added, algebraically, to the simple-beam 


may | be divided into ‘indi ie ‘and the 


moment graph, A, or Ay 


ween the moments over any three consecutive supports of a continuous = 


to continuity, are laid off on the respective reaction lines, pa are 
connected by straight lines in each span. These straight lines forts a supple- 


- total moment diagram i in each span then consists of the sum of the M- ‘tbipenoid 
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OMENTS IN RESTRAINED AND ND CONTINUOUS BEAMS 


_ For the present, it is assumed that the loading is symmet 


and that the moment | of inertia, I, of the beam i is constant. The modification 


¥ mor 


for inagmeetrionl loads and varying I will introduced ‘subsequently. 


iter: AL 


4 t ages 
ith, ‘Fic. 2.—MOMENT AREAS IN Two SPANS OF A CONTINUOUS BreaM. 


A simple \ way of writing the Equation 0 ‘of’ Three Moments i is to apply one of 
the established principles of the well-known Method of Moment Areas, namely: 
‘The angular deflections at the ends of any span are equal to the respective uth 
By reactions produced by loading that span with its moment area, _ divided by zz 

E I. At the common support (R,, Fig. 2), the two spans must have equal but eee a 

opposite angular deflections, because he beam is continuous. Consequently, — 

the total moment areas in the two spans | (considered ; as ‘imaginary loadings) — 

must produce equal but a zero reaction) at 


“beers that the centers of “qnailty of the M- triangles are at the naples 
one-third points of spans ond the simple- beam moment areas” are 


b 4 (54) aged gi) 


+ + - (M, +2 M, =—3(4, +4, 
ation @ is general expression for the ‘Theorem of Three Mo 


spans, for beams of constant moment of inertia. 


we 2—Tue Concert or Consucates Pots 3 


simple- -beam moment graphs are drawn, it is required to locate 
_ the correct closing line, or M- line. The latter will serve as a datum line from ; 
which the resultant moment ordinates may be measured. 
a 
Evidently, the correct closing | line must satisfy Equation (1). There are, ea Sf 
prwincene a infinite number of lines that will satisfy this equation. Even if a 
point, : is known as a point through which the correct closing line will pass, 
an infinite number of lines satisfying the equation « can be drawn through oe 
following analysis leads to a solution 
th ble 
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rae | Fig. 3, let the two M-lines indicated represent any owe lines eae 
of _ through ¢ any given point, P,, and satisfying ‘Equation (1). Let P, be the sec- 
ee ond point of intersection of these two lines. - ‘From the geometry of Fig. 3 

ae the condition imposed by Equation (1), it is easy to establish the neces- 
sary relations between the co-ordinates, z,, y,, and 2, Y», of the two points. 
These relations are found to be expressed by Eageations (2) and (3) Sy, ns 


(For the derivation of these equations, see the Appendix. 
Equation (2) fixes the abscissa relationship of the two points, P, and P P, It 


= should be noted that the abscissa relationship is independent the applied 

loading and of the ‘ordinates of ‘the points, Equation. (3) de ermines the 

and expresses it in terms of the moment areas, , A, and A,. 


Fra. 3.—TuE CONCEPT OF Consucats POINTS. 


iy If one of the , points, P,, is known, Equations (2) and (3) su ffice to Shin 
‘mine the location of the other point of intesadetion, P,. As the two lines 
assumed were any two lines passing through . P, and satisfying Equation (1), 


_ also pass through the point, P,. Therefore, if the correct closing line passes 
through P,, it: will also pass through P,,. . Accordingly, Equations (2) and (3) 
@ means of determining successive points (in consecutive spans) 
Bassas which the correct closing, line will pass, after ¢ one such point is known. 
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rae, ges 


= in each equation; rh the relations between the ‘two points are reversible or 

mutual. P, and P, are coupled by a definite, r reciprocal relationship, they 


‘ 


In otder to arrive at graphic solution of the problem, it is necessary 


a _ translate the governing equations (Equations (2) and (3)) into an equivalent 


‘The writers have devised a number of graphic constructions for the location 
the conjugate points, and pi present the following the 


it follows that all lines p passing through and satisfying Equation (1) will 
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wk 


_ represent the i influence of the applied loading, two points, U and V, are 


‘ first : marked i in each span (see Fig. LD: or points are located on the one- ae 
lines, at a height equal to to that i Pike 


= 


interchanging the one-third span ‘segments the U al 


lines adjacent to each intermediate support, ‘a new vertical is obtained near 


Where the T- line is intersected by the line joining 
UV. “points, a new point is obtained which i is called the T-point. ° Thus ig 
1), the line, V,- locates the ‘point, the line, V; locates: the 
point, etc The T-point is a significant point and ‘Tepresents, 
cally, the combined influence ¢ of the loadings applied | on the two adjoining 
spans. ‘From the geometry of the construction, as indicated in Fig. 4, it is 


_ easily shown that the height of the T-point represents the important function : 


pa 
st 


= 


‘Fie. 4—Locarzon ov THE T-PoINT. 


Let P, (Fig. 5) be a known point; it is required to find its conjugate point, = 2 aSt. 
P, and draw a “pennant diagram”, P, H, B H, (Fig. 5), 

follows: From P, draw a line in any y direction, intersecting the — --line line) 

at some point, H,, and the reaction- -line (R-line) at some point, B; from 

draw a line intersecting 

in some A; 2; on the line joining B with 1H, the poin nt, 

Tie. It should be noted that the pennant diagram has its apices on the reaction BA a 


and the one- third lines, and its base passes through the T-point. 


The foregoing 1 is a genera graphic construction representing the relations 
expressed by Equations and (3) proof, “he HE 
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Fic. 5. CoNSTRUCTION OF Powrs. wx 
vad 


_From the’ proposition that this construction ‘satisfies ‘Equations (2) “and 
_the following useful corollaries are at once deduced. CE gg Se 


Cor rollary 1. 1—As the initial line, P, H, (Fig. +5), of the ‘pennant 


may be drawn in any direction, a second pennant diagram starting from P, 


iagram in he required P, 


| 


6. 


Ur 


Corollary 2.—If the initial line from P, is taken | through: ‘the 
ss (Fig. reduces toa ‘straight Henee, isa ‘straight 
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_ MOMENTS ID IN RESTRAINED AND CONTINUOUS BEAMS ie 


“utilizing Uy as the b base of the pennant (See Fig.i83) 


Corollary 4. —As the pennant -diagram construction a (Fig. satisfies 
tion (2) (which defines the abscissa relationship), it can be used for locating 27 


the: fixed. points at the feet, of the ordinates: of the points. 
These four ¢ corollaries yield four respective constructions locating con- 


points. These four variations are shown in Figs. and 
The construction indicated in Fig. 8 is apparently the. simplest, requiring 


“the fewest new lines, It will petals used as the preferred method ay 
throughout. the remainder of this paper 13 sting 
_ construction indicated i in Fig. 9 offers advantages when more than one 
loading has to considered, as influence 
% which may be of interest t to ‘the 
Instead of he — lines and their transposition point, 


the C-lines) are used with a 
- point, Sia The constructions of Figs. 6, 7, 8, 


a 


ft 

ot 


10. —Some ALTERNATIVE CONSTRUCTIONS FOR Pors. 


(thie 4 4.— APPLICATION or THE METHOD oF ConsuaarE Powrs 28 «pried 
Th ing may now be applied to a continuous beam of an ay wu num daber ey 


of spans and with any loading such ‘that the simple- beam moment area on 


doidw ds} 
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MOMENTS IN RE} RESTRAINED AND conTINvOUS BEAMS 


span centers on that span. The case case with freely supported ends will wi 


taken first. The procedure will be, as follows (see Fig. 1): aati 
1.—Represent the ‘continuous beam to scale ‘and draw on each span the 


“moment graph on the assumption that the individual spans are simple beams. 


Tete 
2.—For freely ‘gupported ends the M- must pass through the e extreme 
deft and right suppeits.” Commencing with the left support as the first known 
a ‘point, P., through: which the M-line must pass, the conjugate point, P,, in the 
_ second span can be found by the method of Fig. 8 (or ‘one of its variations). d 
In the same manner, a point, P,, in ‘the third span can n be found conjugate 


Ro 
= Ib. . of Uniform load 


Fic. 11.—THE METHOD oF Points APPLIED TO BEAM § 


at the extreme right support to left, another 
set of conjugate points, can be located i in similar manner. 
4—There ar are now two P pit Q, i in each span, through which the 
a ‘line, or datum line, must pass. If each pair of points, P, and Q, , P, and 
P, and Q, are connected a straight line, and ‘this line is 
span to. the reaction verticals, the broken dine thus formed is the 

‘Tequired M- line, or true datum line. Common intercepts on the intermediate 


support verticals wit check the correctness of the work. oh 
application to an actual problem is given in Fig. 11, which is con-— 


assuming 


a 
— = 
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— 4 
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womens IN AND continvous BEAMS 

On the 4-lines of each locate the U-V points, t 


Locate the T- each intermediate reaction vertical by transpoe- 
Connect and -U,. Where these connecting cut the 
T-lines, mark the respective T- -points, f,_, and 
(e) Draw P,-V, intersecting the R vertical at Draw 
from P, ‘through intersects B,-U, in the conjugate point, 
intersecting the R vertical at B,. Draw B, U, A line 
Ps through T,. intersects ‘B,-U, in the. conjugate point, P,. 
The conjugate points, Q, and may be located in similar manner 
at the other end, Q,, and working toward the left. ‘ot 
Connect P,-Q,, P,-Q,, and P,- -Q,. If these lines have common inter: 
pe on the R and R- verticals, the correctness of the work is checked. heotani 
E. be (i) The broken line last ‘drawn is the required closing line, or M- line. 
Vertical intercepts between this datum line and the previously drawn simple- 
e beam moment graphs represent the bending moments at the respective eg 4 
of the beam. These intercepts are indicated by the areas shaded in Fig. 11. 
- Ordinates above the closing line represent positive bending moments, and _ 


nates below the closing line represent negative ‘bending moments. 


tinuity ‘with reversed This reversal of the M- Hine about “the base 
is for convenience, permitting direct graphic subtraction of the ‘moments to 


-replac ce the less convenient addition that would otherwise be requiced, 
5.— APPLICATION To Beams WITH YS Eps 


If the of a beam is restrained, or “fixed”, instead of ARNG 
or “free”, the construction illustrated i in Fig. 11 requires: modification because — 


the M- line will no longer pass through the end of the beam. aN i 


1 Dar; 
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is equivalent to continuity w an ‘imaginary 
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MOMEN'TS IN RESTRAINED AND CONTINUOUS BEAMS 
iad ra is } easily’ shown, by the geometry of Fig. 12, that any line satisfying 


Se ‘Equation (6) will pass through | the point, U,, on the « one- -third vertical near 
Se - the fixed end. Consequently, the true M-line ‘must pass through U,, and this 


‘point, therefore, m may be used as. the initial conjugate point, P,, for the con- 


ae ¥ Hence for any ; continuous beam with fixed | ends the same procedure may 
followed as that given free ends, except that the initial point must 

be taken at U, instead of R,. _ Similarly, if the. extreme right end of the beam 
is fixed, the must e used instead of the last -point as an initial 


... 13 shows the solution of the problem illustrated in Fig. 11 on the 


assumption that the ends are fixed. The procedure is identical with that fol- 7 


Towed i in the construction of Fig. 11, except that the initial conjugate points, 


and are taken at the extreme U-V points and V,, respectively), 
x instead of at the extreme R-points (R, and Mei respectively). - The resultant | 
“moments 2 are represented by the _yertical of 


areas in Fig. 13. eit: ben anit id? 


ad 


the A 
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“Fic. 13. OF Points APPLIED TO A CONTINUOUS BEAM witH ENpDs 


In the foregving, it it has bee assumed that the simple- beam moment area 
in each span. centered on on that span. The modification necessary for 
moment area in any span does not center on n the 


span, as will generally be true for unsymmetrical loading, the G-line, o or 


centroid of the moment area, W ill be at some 


m the end of the s span. Fig. 


| 

— 3 
— 
— 
— a 
| 
— 
— 
= 
— 
— 
Me 
— 
f 
q 
— 
aa 
— 
A, : ial af 4 

— 
— 
— 
— 
— 
4 
— 


— 


as 


= 


= 


‘Three given in Section 1) will 


“tion necessar. for unsymmetrical loading is to change the coefficient of of * 
from 4 tog in the e “equation preceding Equation (1).- ‘three-moment 


+ 2 M,) + Os + 2 M;) l, (% 4 9 92 A)--- 
Equation (7) is the ‘simplified Theorem of Three Moments 
the case of unsymmetrical loading, 
_ Only slight modification of the graphic solution is necessary to satisfy this: — 


on center line of the span; two 


required heights of U and V. The remainder of the graphic solution is 


= 


ves 


whe RY cat C, 


The logic of this construction is almost obvious from a comparison of 
| he (7) with Equation (1) ; but a detailed proof is given in the Appendix. 


_ As a check on the correctness of the construction, it may be noted | ie 


of in all the suecéstive spans have differing values 
a slight modification becomes necessary in the graphic construction. 
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ay For I constant in each span, but not the same value in successive iid . 
the simplified Equation of of Three Moments, Equation» (1), takes the 


in which, I, and I, are mo yments of inertia in the respective It 


be noted that Equation (8) differs from Equation (1) only in the retention 
of the appropriate value of Tasa denominator i in each term; if I, = I,, Equa- 


(8) obviously 1 reduces to the simpler form of Equation qd). od siti 
ete This amplification of the fundamental equation is satisfied by a slight 
: = int the graphic solution. The only change necessary in the con- 


struction is an “altered location of the T-line; the location of the “modified 
T-line” is shown in Fig. 15. 


Moments or INERTIA, 


unequal moments of inertia, it is now necessary, to divide the same distance 
into t two. segments inversely ‘proportional 1 to the span lengths divided by their 
——— moments ts of inertia. This is done, as indicated in Fig. 15, by 
off (in opposite from any base line) proportional 


d on the and U- lines, the intersection | the 
connecting line with the base the required modified T- 


: Except fi for this simple modification in 


graphic construction heretofore presented remains unchanged “unequal 
of inertia. (For proof, see the Appendix. “si 


oan ee is readily seen that this construction for locating the T-line (Fig. 15) is 
— general and reduces to the previous construction (Fig. 4) as a special | 


alternative to the modified T- line ‘method of allowing for 
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etimes be preferred. his procedure 


The idea the delineated lengths of the spans ins such manner ag 
as to produce a virtual condition equivalent to “equal moments of inertia. pitas 
Taking the value of I of the principal loaded span as a standard, any span 
having a lower value of I is lengthened, any span having a higher value 
of I is shortened (in Fig. 15), the lengthening or shortening being in the ratio — 
the standard d value c of I to the I of t of the span being altered. ‘When this change 
is made i in the delineated span lengths, the graphic solution can 
same as for equal 1 moments of inertia. 
The correctness of this method is founded on principle: Tf 


the length, J, and moment of inertia, I, of any span are altered in the same Mee 
ratio so as to keep the rigidity of the span (represented the quotient, 


examples of the aplication of method of 

9.—Apeticarion TO FRAMES al 


The foregoing | methods ‘established ‘for continuous beams can be applied i 


a 


members as spans of a continuous beam. _ 
Fig. 16 shows the construction by the Method Lot f Conjugate Poi ie 
to a rectangular portal frame hinged at the bases | of the columns. Fig. 17 =. 
shows the construction for a similar frame with columns fixed at their wei 
this problem the closing line passes: the points, 


4 _ In order to illustrate the ty i alternate methods of allowing for the condi- 


a 


 tangular, the constructions given in Figs. 16 and 17 would remain unchanged. 


q ih Figs. 16 and 17, the frames and the applied loading are assumed to be 
symmetrical ; consequently, the graphic construction ‘needs to be carried out 
for only one side of the structure, as indicated. If the structure or loading is : 
: unsymmetrical, a small | secondary correction must be introduced on account a ee 
"the slight lateral displacement of the middle span; this displacement is is ‘equiva- 


dent to a yielding of the respective supports of the outer spans. — (See § Seo 


‘The: method of conjugate points can also be applied advantageously to ‘more 


complex indeterminate frames in which more | than two members meet at a 


s joint. Fig. 18 is an illustration ; it represents : a a three-span continuous beam > 


‘Te 17, If the trapezoidal (sloping of 


9 

with rigidly connected intermediate columns. 


The construction shown i in | Fig. 18 introduces a a device 1 w 
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be. in effect, by a single a to the sum 
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Fic. 16. —Mouawrs IN PorTAL Frame, at BY THE METHOD oF 


members, 1 and h, at each end of the main span, are 


4 ru 
"single member, The rigidity of this equivalent single member 
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nests of the main ‘span. n. (This i is an an application of the device of transform 


spans. ) With the side-span lengths, thus determined, the construction 


| 


Fie. 17 PorTaL Frame, FIxep AT BY THE MrrHop oF 


On completion of the the end moments found the 


; ‘tuted equivalent members must be resolved or subdivided to give the bending 


‘moments in the respective component ‘members. _ The total end ‘moment, M, me Sas 


(Fig. 18), must be divided between the original component members in ae ii a 


proportion to their respective rigidities. This final resolution of bending Bog: 


| anaed is indicated i in ‘Fig. 18; for the member with free end, the M-line 


goes to the free e end; for the member with fixed end, ‘the M- ‘line goes ‘through 


z=. This construction by the Oiipditiie of Rigidities has been explained at 
length because it has many useful applications; its utilization i 2 in the graphic 


determination of secondary. stresses will be given 
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RESTRAINED AND CONTINUOUS BEAMS * 
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IN Frame BY MgrHops or 


For the common 
For 


the values, M, =0 and M, ==0 


that equation reduces to, 


2 given by Equation (5), it is observed — 


the height ‘peak of the closing line (the point, M,) i height 
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MOMENTS IN RESTRAINED AND CONTINUOUS 


f the conjugate points. 

, instead of so that ths T-point will its custom- 


ary bight a horizontal through will then locate the point, 


If ‘ends of a two-span continuous beam are “fixed”, it is ea 
= quations (1) and (6)) that the the inter- 


i he 


in this case, no modification is required i in the height of the T-point; and 
horizontal through 7',_, locates the required point, y 


Instead of using the ine Hf lines) and their transposition point, 

the lines -(C-lines) and be transposition May be 


If the heights, are laid off on the 


which is ‘the (Equation (5)). This qubstitu- 

tion may be preferred in the application (See Fig. 

4 19, ases 6- and Fig. 20, Cases 14-17.) 
ie these two-span beams, the corrections 
for | unsymmetrical loads and : for unequal moments of inertia ar are e made in in 23 


the same manner as heretofore established for ‘the general, case, , namely, as 


‘The construction is still "further simplified when “the number 0 of spans 


tion (9) es to M (See Fig. 19, Case 1 > For a ssingle-span 
“beam: with oth ends restrained, Equation (10) reduces to M = 
19, Case 3.) ‘These two results also follow directly from the 
relation for restrained ends indicated i in 
—APPLICATION 1 TO SPEciAL ComMONLY Ooounama 1 IN 
of the foregoing eonstructions to the special cases that occur 
indicated in a series of diagrams on Figs. a 
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MOMENTS 1 IN RESTRAINED AND CONTINUOUS BEAMS 
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APPLICATION OF METHOD or CONJUGATE 


zoted 
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on each Span 


ny Load Symmetric al 
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Any Load 
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hy 


20. Seventeen cases | are included, covering practically all conditions 


ae { ‘The constructions given ¢ on Figs. 19 19 and 20 follow the: mene established 


The | general 


ye 


order of procedure for each solution is as follows: 


—Draw the simple-beam moment graphe. 


a —On each center line, measure the height, —— 
38 this, locate the U-V as indicated: 
4, —Locate the T-points (or S-point) as indicated (where necessary). 
5.— —Locate the conjugate points, as necessary). ‘ 
6—Draw the closing line as ‘indicated. 


the foregoing, it has been assumed that the moment of inertia, J, 


— each ‘span, although: successive spans might have different valu 1e8 


1 


nf 


° 


the value of I is not constant for the length of a span, the factor, — 


area expressions for the span, as: was 


done in Equations Q), 7 7), and (8). Instead, the. variable ‘or be 


applied to the individual ordinates of all areas. at = 
i, When the varying values of I are known throughout th a length of the span, 


a isas simple matter to divide the ordinates of ‘any ‘moment area a by the | corre- 
sponding values of the variable, I; the reduced moment graph thus ps q 
\ called a Modified Moment Area. 
oe _ Referring to Fig. 2, it is observed that there are a moment areas to be 
_ considered i in each span, namely (considering the span, ! LYS the left M- triangle 
Mh, -triangle), the right M-triangle (M,-triangle), and the simple-beam moment 
area (A, ). | Each of of these areas must be “modified” by dividing its ordinates 
by the variable, J, before | the analysis « can be applied as heretofore. _ ‘The areas 
pt reer of these modified moment areas must be used in writing a new a 
Sole expression for the Theorem of Three Moments. 
As the end moments, M , and uM, are not known in advance, M- -triangles 
— unit height, M, = 1, M,= = 1, are considered instead of the actual M-tri- 
angles. Similarly, for convenience of notation, the height of the A,-area may 


be imagined t to be reduced proportionally toa ‘mean ordinate of unity before — 


¢ 


the f factor, —. 


nal 
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ab: On dividing the ordinates of these three moment areas by varihle; 


three modified moment areas are obtained for the span. _ By summations, their 


- respective mean ordinates and centroids are . determined. The notation used 


infteling 
M, triangle for M ye be 


g , = Mean ordinate of modified M, triangle, f for M, = 
modified triangle, divided by M, 


oily == mean ordinate of modified M, for 1: = area of 

mene ; of modified A,-area, for = 1; = modified 


- 


Ps. 


ind in 


g, =abscissa re ratio of the centroid of the modified A, area. (9, 


For the adjoining span, ly the corresponding quantities are m,, and 
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IN RESTRAINED AND CONTINUOUS BEAMS 


~ respective e ends of the sp span, ul from the left end and vl from the a end; 


ee abscissas represented by g are to be measured from the left end of each 


“ span. If t 3 

If the loading i is also sy If I is constant through-— 


2° 
1e span, then m = n = ; 
an alternative to the Method of Modified Areas for ‘obtaining 


the constants, m, n, f, and u, v, g, the same results may be obtained by the — 


‘nee Method of Constant, ——, that is, by dividing the beam into the elements, % 2, 


"proportional to the respective values of I. - This is is easily done by any one of 


several graphic methods that“have been published in connection with the 


be analysis of arch ibs * This dispenses | with the "necessity of dividing all 
el me moment ordinates by the variable, r The ordinates of the unmodified moment 


reas measured at the centers of the 4 z -divisions, ure. then used instead of 
the uniformly | spaced ordinates: of the n modified ‘moment areas. The 


values of m, and u,v, g, | ‘should be 1 the same by either method. ‘ 
‘Following the e same reasoning as for Equations | (1), @, and a more 


general expression of ‘the Theorem of Three may now be written to. 
 inelude the ca: case of varying I, The fundamental equation takes the form: as yi 


OM, +D, M,) i, +, M, +D, 1, =— (B, A, +2 


v 0, =m, (1 — 
Ih application to any ectual problem, with the I-variation loading 


cnown, the numerical values of m, n, u, v, g, are first for each 


(1), (7), and (8) are cases the more 
J Equation (12), as will be found on substituting the appropriate special values 


the coefficients, C, D, and E. seat he in writing 
- ‘The: Method of Conjugate Points can be applied to the solution of Equation 


ida (12) i in exactly ‘the se same manner as heretofore given, if the U, F v, and T- -points 
are located with , due regard to the changed coefficients in the equation. ‘It is 


% es ™ easily shown that these new coefficients are satisfied if the U, V, and T- points 

Locate all U and V- lines at the centroids of the modified M- sulangleas 


_ that i is, locate each U-line at the distance, u xt from the left end of the span 


and Reinforced Concrete “Arches”, Melan- Steinman DD. 45-46. 


e span is symmetrical in variation of section, m = nandu = », 
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IN AND cONTINTOUS BEAM 


v 


ac ar ‘V-line at the distance, l, from the right end of the span. © 


jdw ofdel gi mead geqe-owt Yo after 
—Lucate the ‘T-line y dividing the distance between the adjacent U-V “ie 


lines two segments inversely proportional to to n, l , and 


alently, inversely proportional to (C, + D and (C, +. D 


Fic. 22.—-CONSTRUCTION FOR VARYING I, ‘SPANS AND 


—Locate the U-V points at ; the heights: 


— 


oR 


——-— 
‘The remainder of the saiailinas! (for locating the closing line) is ideation! = 
with that heretofore | presented. (For proof, see the Appendix.) sv Sarg o ae 
= iif the beam and the loading i in any span are symmetrical about the center _ 
the U and V -points: in the span will be located at equal 
heights. If unsymmetrical conditions obtain, Equation (12) is re-written for . 
each successive pair of spans, and the new w values of the numerical coefficients, 
C, D, and E, are used in locating the new group of V, U, and T-points; or the A 
- relations indicated in Fig. 22 may be used to locate the U and V- points, 
If the special coefficients of Equations (1), (7), and (8) are substituted 
for C, D, and E# in the foregoing rules, the latter will b be found to reduce es . 
previously ‘established for the respective special cases. 
A reduction of all the in Equation (12), by "dividing through 


r egoing rules 
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IN RESTRAINED CONFINUOUS seams: 
FOR Varyine I TO A 


~ Se foregoing method for varying I will a be illustrated by application 


7 = The profile of a two-span concrete beam is indicated i in Table y which also 


gi ives the necessary ti tabulations and summations. The beam i is: assumed to be 
divided into sections 1 ft long, and all variables refer ‘the mid- ‘points of 
the tabulat values, denotes ‘the ab: bscissas, y y the straight 

3 = pears of M-triangles of unit height, and Ya the ordinates of the simeled i 
beam moment areas for A ,=1and 4,= =1. The respective ordinates divided 


by I give the “modified” ordinates. ‘The ud ie loading i is shown i in Fig. 23. 


-= 


gic with: 


28 500 ft.Ib¥ 


“See 


“2t2 
v tts vale ugly 616 ¥ 


. 23.—MeTHop FOR VARYING I, APPLIED TO A 


0, = 0.0289 X 0.876 = 0.0109 = 0.0859 (1 — — 0.385) = 0.0981 


= 0.0289 X (1— - 0.376) = 00181 = 0.0359 X 0.385 = 0.0138 
EB, = 0.0654 X 0.500 = = 0327 = 0.0853 X 0427 


= 


a 


With these _ determined, ( 0) may ‘now written a 
(0.0109 M,) 1, + (0.0291 + 0.0188 M,) 1, 
Dh M, 27 M,) 1, = — (3.00 A, +8.924,) 
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16 x 0. = °° = 0. 0854; 92 = 16 x 


sing either the coefficients of this last ; equation o or the original factors, os 


9, the principal points, U, v, T, are located 1 as indinated in Fig. 23. 


g line is } then easily « ‘obtained,'e s shown i in Fig. 28, by applying the 
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The closm 
outer U an rained at the ends. 
For practical use, tables may be constructed evaluating the constants,- 
n, f, and u, v, g, for most common conditions, thus expediting the solution 4 


MOM NTS IN RES AND | CONTINU ous 


tively Values: not tabulated m 


rie 


are values of u = 


Lower figures, divided by I, give values of m = n.) 


= 


> 


att 


| 0.85 | 0 0.2 | 0.30 | 0.85 | 0.40 
0.441 | 0.444 | 0.434 b= 0.054 0.406 | 0.415 | 0.423 | 0.428 | 0. 
0.288 | 0.201 | 0.196 || | 0.881 | 0.302] 0.274] 0. 
. 0.487 | 0.440} 0.480 b =0.06} 0.408 | 0.412 | 0.419 | 0.425 | 0. 
0.245 | 0,209) 0.186 7! 0.864] 0.836 | 0.309 | 0.282 | 0.297 
0.430 | 0.481 | 0.422 b= 0.08} 0.398 | 0.407 | 0.413 | 0.418 | 0.422 
0.258 | 0.223 | 0.154 || 0.872 | 0.846 | 0.820 | 0.295 | 0.248 
0.424 | 0.425 | 0.416 b=0.10 0.895 | 0.408 | 0.408 | 0.418 | 0.416 
0,269 | 0.236 | 0.170 || °=°: 0.378 | 0.854 | 0.880 | 0.306 | 0.957 
0.419 | 0.420 | 0.410 12} 0.392 | 0.398 | 0.404 | 0.408 | 0.411 
0.342 0.279 | 0.248 | 0.184 || 0.885 | 0.362 | 0.888 | 0.316 | 0.270 
0.402 0.412 | 0.412 | 0.408 b=0.15)| 0-387 | 0.898 | 0.899 | 0.402 | 0.405 
0.352 0.292 | 0.263 | 0.208 ||} 0.893 | 0.871 | 0.350 | 0.898 | 0.286 
0.395 0.402 | 0.402 | 0.304 b= 0.20} C.381 | 0.886 | 0.390 | 0.393 | 0.395 
0.366 | 0.312 | ¢.286 | 0.292 0.404 | 0.385 | 0.366 | 0.392 | 0.308 
0.382 | 0.387 | 0.887 | 0.380 b=0.305 0.871 | 0.875 | 0,378 | 0.380 | 0.882 
0.390 | 0.846 | 0.824 | 0.279 0.422 | 0.407 | 01892 | 0.876 | 0.345 
0.356 0.358 | 0.857 | 0.350 ||, _ 4 60} 0.351 | 0.253 | 0.854 | 0.355 | 0.885 
0.444 0.422 | 0.411 | 0.802 |) | 0,462 | 0.454 | 0.447 | 0.489 | 0.424 
0.333 0.383 ih 0.383 | 0.883 |, _ 0.888 | 0.883 | 0.383 | 0.883 | 0.888 
0.500 0.500 | 0.500| 0.500) 0.500} 0.500/| 0.500} 0.500 0,500, 


a illustrate the use of Table 2, it may be applied directly to the problem 
of" the two- beam, solved i in 13. F or the: ‘first span the 

0.2: 


tical with the caloulated). the second span (having the 


ratios, a = 0 25, b= 0, 27), T able gives 0. 386 (compared with 


0. 385 previous ealutation) and m, 65 0.0359 


x Similar tables can easily be constructed to give the v values of f and g for the 


a7 


- _. With such tables, the computations represented by Table 1 in the foregoing § 
_ numerical example e dispensed w The m, vi and u, v, 
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ean be from the tables and used directly in the graphic solution ‘ehown 


—Derer mination OF SHEARS ‘AND ‘Reactions 


a After the closing line, or M-line, is located for any problem by the foregoing — 
methods, the shears and 1 reactions are easily either graphically 


Shear trey 
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iParatiet to 
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0. 
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| 


y The graphic procedure is indicated i in Fig. 24. In the pole diagram corre- 

; sponding to the simple-bes beam moment graph of any span, a ray drawn parallel Sate 
to the closing line divides the load line into two segments representing the ee. 
end shears. ‘The sum of the ‘two. end shears at any ‘intermediate 
support gives the intermediate reaction. Horizontals from the 
division points of the load line intersect the load verticals in points of the - 
desired shear ‘diagram. bas « 10° “pM baw, elt 
_» If the moment graph is curved, the outer rays of the pole diagram are 3 
_drawn parallel to the terminal tangents in order to locate the pole. otoalt 
Itshould be noted thet the diagrams for’ ‘Successive ‘spans of a con- 
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going 
moment graphs are drawn to the same vertie 


nwa The construction is equivalent to ‘the pro- 
between R, and R, = Shear for Simple Beam + 


ell —AppLicaTion To ConsTRUCTION OF INFLUENCE LINES odta 


‘the foregoing methods are applied to a a unit concentration to 
om be : acting at successive points on a beam, the successive values of any moment, 
Ai iAg- shear, or reaction can be plotted to produce the corresponding influence line, 
_ Each value of the moment, , shear, « or reaction is represented by a scaled inter- 


n the constructed for the of the moving load. 


Influence line for 
Al 


~ Influence line for 


oh lS ig. 25 shows the general procedure to be followed. | A unit load, W=1, 

<a assumed to be acting at one of its successive positions on a continuous beam. 

_ The simple-beam moment graph is a triangle with a vertex, M,, over the point 

of load; and the closing line is drawn wn through the conjugate points as indi- 

aa _ The height of the closing line over any support indicates the value ne of 

‘corresponding end moment, M 2 OF and the vertical | intercept between 

M, triangle and the closing line at any intermediate section, z, gives 
oe the: tniihent moment, M,, at the section. With the vertex, M,, as a pole, @ 

pole diagram is drawn with the unit load line, W=1. ray ray p deter parallel 

a. . to the sing line of the loaded span yields intercepts representing the end 
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‘closing line in the adjoining spans yield the shears, 8, and 8, i in those ‘spans. 
the shears for each support give the reactions, 


R, = R, 8, and R, = = 8, +8, the 

The of moment, or reaction is conveniently represented 
oly a corresponding vertical intercept in the diagram. By plotting the a 

- cessive. values of one of these intercepts , under successive positions of the mov- 

ing load, _ the corresponding influence line is obtained. The influence ees one re 


obtained y this manner for an end moment, _M, » an ‘intermediate moment, aes 

Me, an end | shear, S., and a an intermediate reaction, R,, are are shown i in Fig. 25. tm 
In the unloaded spans, the outer conjugate points are at zero o height, eee 
‘4 is, ‘they | coincide with their ; projections on the base line. The p projections of on < . 
the conjugate points on the base line are called fixed points. In all — 

to the left of “the | loaded span, the closing line passes through the left fixed 
- points, J; in all spans to the right of the loaded span, the closing line passes a a 
through the right fixed points, 

As the construction has to be repeated for ‘successive assumed 

of the mrving load, it is obviously desirable to reduce the necessary graphic — oa 
“operations to the minimum. Various graphic constructions for a 
Tf the location of the conjugate points for this | case of a single concentrated _ 

| load are easily devised. The principle represented by. Fig. hy can be applied t¢ to 


diagrams for successive load positions ; the fixed points are first located, ae 
“these > establish the v verticals on which the conjugate points will lie for * tare 
‘positions of the moving load. — Another useful principle (indicated in Figs. ) oe 
16, 17, 18, and 25) is that the conjugate points will always lie on the U and 
V-rays (the | point, Py on By Uy and the point, Q,, on R, V when the 
adjoining spans are unloaded. (That is true because the rays, R, cx and 
Vy are sides of the respective pennant diagrams.) ‘Henee, it is 

necessary to locate the U and V- -points; the rays drawn to these points from pee bs 
the respective ends of the span will intersect the conjugate verticals (through 


in the required conjugate points, and Q, as indicated i in Fig 25. 


in any span: will lie on a the height, — , at mid- 
= The detailed application of the foregoing to the graphic construction of 
influence lines for a continuous beam is shown in Fig. 26. Fig. 26 (a) shows ae Raat 
the graphic location of the fixed points, J and KR, which fix the verticals on 
ok the conjugate points, P and Q, will lie. Fig. 26 (b), (c), and (d) show 
the graphic location of the closing line for a load position in the first, second, ‘sf My 
and third spans, respectively. In this construction, the G@-line is marked ot 
one-t third the distance from the ‘span center, 0, to the load point, W; 


“peenpeh to the horizontal through M, intersect the @- -line at the required — be ae 
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ordinates have to be measured from a different ase namely, a 
having: the end ordinate, 1. Fig. 26 (f) shows” the influence line thus 

In Fig. 26, influence lines for other thoments, chests, or reactions could 
q easily be plotted from Fig. 26 (b), (ce), and (d), ber: the respective inter- 
cepts as indicated in ‘Fig. 25. od? yd 
a The influence diagram for shear 6 or bending at any. 
[i “point of the end span, L, » may also be obtained simply by adding a straight ie. fe 
line to the R,-influence line or “elastic curve” (Fig. 26 (f)).* 


17. — APPLICATION To SETTLEMENT or PPORTS- 


The Method of Conjugate Points can also be applied | advantageously to 
involving the settlement or deflection of f one or more supports of a 


continues or restrained beam. © oldorq fenton oe of, coltmeilqan 
_ If the right end of a ‘span, | l,, settled more than the left end by an amount, 
4 4, , the change for the is represented hy Similarly, for 


‘the eit is represented by = —. 


ge this‘ condition into the analysis tyw which Equation (1) was 
ritten, that f fundamental equation takes of Equation (13) for the 
case of settlement of supports: 


Equation (13) expresses the ‘Theorem of Three Moments for settlement 
of ' supports, for the case of constant J. ned For the case of unequal values of I, i 
(18) takes the following form, | corresponding to ‘Equation (8) 


ing meinbers of Equations (1) and @) which represented the influence of -~ ~~ a 


his therefore, that the graphic constructions by the ‘Method 
of ' Conjugate Points | heretofore presented may al also be applied to the present +o 


problem, ¢ except ‘that: the heights of the U, V, and T-points must be made to 


the | changed ‘form of the load t terms in the equations. locations of 
the U, V, and T- lines remain unchanged. 


«ti ‘is 8 easily shown that both Equations (13) and (14) will be be. ion vie 
the : » Somee constructions, if the a: of the T-point is made equal to: 


(15) 


= 
= 


* See “Continuous 


A pes 
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identical with those of Equations (1 and qua 1008 (18) and (14) are 
| 
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N.Y in Hool and Kinne’s “Moval 
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in Cy. and are the ‘ ‘flexibility constants” of. the’ spans, 


defined by e, = and e, = —*-. These constants are the reciprocals of the age 
If the I-values are unequal, the modified T-line is located (as established 
in Section 7) by dividing the distance between the adjacent in the 

inverse ratio, : : or in the direct ratio, ty “ot 


Several constructions are available for applying Equation (15) for r fixing 
the height of the T-points. The following methods are ‘submitted: ot 


in each span, and then applying the ‘usual ‘This is illustrated, 
ie in application to an actual problem, in Fig. 27. In order to show the Tespective 
’ ard treatments, one end of the continuous beam is assumed to be - freely supported — 
oe and the other end to be fixed. The values of the slope changes, ¢, are scaled 


3 3 1s 
LAG 


a 


—CONSTRUCTION OF M-LINE FOR SETTLEMENT OF adi 


2.—Locate each T-point directly by laying, off its height as ial ty 


‘This ‘method is’ illustrated in “Fig. 98. ‘The values of the angle q 
— $,, are sealed directly from the settlement diagram, as indicated. 


E a device of transformed spans (as presented in Section 8) can be 
a applied, using the values | of U, V, , and T defined by Equations as) and (16) 


4 
— 
| 
4 
— 
— 
| 
2 
— 
gy 
— 
— 
— 
— 
— 
— 
— 
3 
ip 


‘MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 


in which, d,_ is the deflection of the support relative e to the the two adjoining 
supports. If lines are drawn joining the alternate su supports, R, and 
Ry in the settlement diagram, the distance of of the intermediate support, R,, 
below such chords is the value of the relative deflection, d,_ a The heights 
a of the /T-points m may be laid off equal to these values of d,_,, hae » ete., in i 


which case the graphic results for the m moments be mu 


. (This meth 
Re 


8.— APPLICATION TO MerHops ror SEconpary STREssEs 
_ Bridge engineers have felt the need for r practical methods of quickly avec 
approximate e values. of secondary stresses in trusses, The standard 
E ‘methods of secondary stress analysis are, at the best, long and tedious; they Pay 
‘require the formulation and solution of a long string of simultaneous equa 
a tions, covering the moment relations at all the panel points of a structure, 
_ before t the | secondary stresses at a single selected point can be determined. % 
The engineer, in practice, is satisfied to know the approximate magnitude of ems 
the secondary stresses at a few indicated points of a structure; the academic ee: eo 
m methods yield a degree of precision which is not warranted by the accuracy > 
of the underlying assumptions nor by practical requirements. 


> 


a The constructions and principles presented i in the foregoing Sections can 


of inertia, 
ied 
the . 
q 
4 
| 
i = 
nt 
sal — 
win 
by 
— 
6) Fe requirements of the bridge engineer. hree methods for the graphic evalua- 
tion of secondary stresses by conjugate points will be presented, that offer 
three successively increasing degrees of accuracy of results: 


STRAINED A CONTINOUS BEAMS 
inh 1—The ‘iret method is an approximate method, neglecting the influence 


to top chord of a ‘truss, with the influence of the web 

regarded as negligible. The kx known vertical deflections of the panel Points| 

are plotted in a deflection diegram. As the successive ssembers are . equal in 
 Iength and in moment of inertia, : the construction of Section 17, Method 4 


te 
a 


‘e 


= 4 


i 


=53.0 (—5.6) = —297 (Standard Method gives 


Fic. 29. —CONSTRUCTION FOR SECONDARY STRESSES, Finst 
ean be be applied. The deflection of each intermediate panel point below the 
poser joining the adjacent panel points is sealed from the deflection diagram 

er is plotted « as the height of the T-point on the ‘corresponding reaction line 

ey Sg of the moment diagram. Drawing pennant diagrams through these T-points, 


the required conjugate pc points are located as as shown n, en Co — saad drawn 
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> 


through these 


the of ‘chord ends of the chord are 


‘the M- line ne passes through the point of the « end members. 


0/(Value by standarg 
om 


(Drawn any length) an wn any any length) 


(oy od Fic. FOR SECONDARY. STRESSES, Seconp MsTHop. | ie as 
(ALLOWING FOR Wes ‘ore 


he second method takes into account the influence of the contiguous — 
- web members, but neglects the effect of the unknown moments at the qui 


a ends of the contiguous members. ‘ Iti is based o 


ciples resented in Sections 


thant the few are noted in the diagram. 
‘The four members meeting t the left end of the chord (6 8) are replaced by — 


equiv valent member, using the p principle of the Composition of Rigidities 


« 
| 
| — 
its 
— 
= 
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8 

| 

4, 
— 
Te 
a combination oF the prin- 4 
i, ¥, and 18 illustrated in Fig. 30 in appli- — 
r (6-8) of a truss. ~All truss 
he 
a 
is, 
m 
4 
j 
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rigidity, r,, of the ‘is the sum of the rigidities, r, of the 


component and the value of this. for the equivalent ‘member i is the 
sum of the values of r rp for the component members. Similarly, the two mem-* 
= pes meeting the right end of the chord ¢ 6- 8) are replaced by a single: equivalent. 
member of rigidity, and rotation, The chord (6-8) itself has a rigidity, 
T,, and. a rotation, This | chord may no’ now be considered as the middle span, 
i ae of a three- -span continuous s beam, the he side : spans being formed by the left 
and right “equivalent members”, l, and l,, respectively. spans, 1,, 
—/ be drawn to any y respective lengths. - The values of 2r ¢ are then ‘plotted 
on the 4- lines to give the U and V-points ; the straight lines joining 
these ‘points locate the points, qr, _, and Bia! on the T- lines: (which are are located 
by the ratios, r, : T., and r, ify as shown). Pennant diagrams through the two 
T-points give the conjugate points, Py Q., through which the required M-line 
is drawn. ‘The initial conjugate points, P, and Q,, are eee at the one-third 
to comply with the e assumption of restrained ends. 
8.—The third method also takes into account all th the members; 
in addition, it allows for the effect of a any ny known 1 moments at the or outer ends of 
the contiguous members. It is illustrated in Fig. 31 in application to a 
member acs 6) of a truss. This is a member of comparatively low 
stress adjoining a member of (namely, the 


the method allowing for such end moments when ‘These 


known end moments are plotted as M, and M in the diagram. line 
‘then constructed ‘exactly as in ithe “preceding method (Fig. 30) except 
that the initial conjugate points, Pa and | are taken n at the points marking 
sp] a. and M,, | respectively, as these are known m points through which ‘the M- line 


For | convenience of ‘comparison, the foregoing graphic solutions (Figs. 
28, 80, 81) have fsaregter® to the truss problem used by O. V. von Abo, Jun, 


} my —The first graphic ogo) (Fig. , 29) furnishes a good general | ‘idea of 
“the character and magnitude of of the secondary stresses in any selected 
Frc principal members in a truss, ‘The « errors, expreseed a as a percentage of the 


alts, par 
if applied to those members a truss. where the ‘secondary | 
me a maximum. The two secondary stresses" found i in 80 differ from 
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1es by less than 8% and 8%; or by le 
expressed in percentage of the greater 


3.—The d graphie me method (Fig. 81). can be applied to yield | results as 
‘ ‘accurate as ‘may be desired, if the transmitted end moments are known. In 
. Fig. 31, with the end moments transmitted by the contiguous chord members 2: 
allowed for, but with the end moments transmitted by the web ‘members a 
 pagltetedi the results differ from the correct values by only 1% and 2%, ne . 


respectively, of the maximum secondary stress in the adjacent member. Ad ase 


=— 382 
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141 +7539 1.800 

we 
La) 


Ou | 
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by stancard method (Value by standard method 


81.—ConsTrucrion ror SECONDARY STRESSES, THIRD MerTHop. (ALLOWING ft 
WEB ‘MEMBERS AND FOR END MOMENTS.) wring er 


jo 


‘In practical application, a member (such a as @- 8, -8, Fig. 30) i in which maximum 


- secondary stresses may be anticipated (from considerations of truss form and ie 
loading) would first be investigated by Method 2, and the results introduced née 


end moments for the investigation of successive adjoining members by 


, in Fig. 81 would not alter the — see ) 
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out the structure can be determined, 
if approximate ‘results suffice, the secondary stresses can be quickly esti- 


mated by Method 1 (Fig. 29). bids: 


redo. tities ont ed bay dtiw 46. 
The e essential 4 features of of this paper are: to? fox 


: i yl FE be expression of ‘the three-moment relation in a new, simplified form, 
2.—The_ concept of conjugate points as a key to ‘the geometrical il solution 4 


hat 8. —The general graphic construction for conjugate Points, 


4.—The modification for beams with h restrained ends. thee 
Sty —The modification for unsymmetrical loading ’ 


6 —Methods for treating ‘the case of unequal moments of inertia. 

; tt —Extension of these methods » to ‘the graphic solution of indeterminate 


8.- —Simplification for two- -span beams. 
A 9.—Extension of the graphic method ‘to beams with varying moment of 

Application the “method to solution of ccondary 


foregoing been devised by the writers as original solu- 
tions of the respective problems. That the resulting constructions would de- 


naturally: to be expected. Nevertheless, after | comparison with existing litera- 


~ ture on the subject of of continuous beams, the writers believe | that their principal 
and constructions are ‘substantially 1 new and offer sufficient advantages 
4 over previously published methods to justify presentation. 
Be ae Method of Conjugate Points, as | devised and developed by the writers, is 
= 3 Ss found to have a number of features in common with the older method of fixed 
Rye -points.* * Some of these points of contact have been indicated in the paper. 
The ‘two methods, however, are developed from different concepts; ‘the pro- 
ee Ss cedure of fixed points has certain limitations in practical application; cand 
- ee the ‘method of conjugate points is believed to be of greater flexibility and gen- 
eral usefulness. The latter method embraces the former as a special case. — a 
The application o: of the the concepts presented in this paper can be extended 
= to the solution of many other problems of structural design. In the newer” 
methods Of stress analysis, there is is a consistent trend toward simplification; 
the ‘older, cumbersome, analytical ‘procedures, frequently. involving the solu- 
ties tion of differential equations, are gradually being superseded by more attractive — 


methods. based. on simple geometrical ‘relations. a contribution toward this 
phigetives this objective, this paper is : is submitted to the profession. 


“Continuous Bridges’, in Hool and Kinne’s “Movable and Long-Span Bridges”, 
N Y., 1923; also “Der kontinuierliche Balken”, by _ Prof. W. Ritter, Zurich, hind and 
Methode der Festpunkte’ Dr. Ernst Suter, Berlin, 1923. 
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CONTINUOUS BEAMS 


‘DEMONSTRATIONS OF FORMULAS AND CONSTRUCTIONS 


_OF THE METHOD OF CONJUGATE ows oil} 
"Appendix gives the di demonstrations of the principal working formulas 


at he p 


and graphic constructions» used in the paper. It has not been deemed 
q sary to include a detailed derivation of the special forms of the ‘Equation of . 
Three Moments, as the method | of writing these equations | has been sufficiently y 
indicated in the text; moreover, these formulas are easily 
ions usually given for the Theorem of Three Moments. — 
The sections this Appendix. are to indicate the 
‘te main paper to which they relate. 


THE GoveRNiNG EQuaTIONS FOR 


TN wo points, P, and P, located, respectively, in consecutive spans, 1, i 

are conjugate points if any M-line drawn hrough them will satisfy the 

‘of Three Moments which defines the true closing line. 
any two M- lines drawn through such two points (Fig. 3). _ For the case a 


symmetrical loads and ‘constant I, each of these 2, ae must satisfy Equa- 


From the geometry of Fig. 3 3: 7 


5 


Substituting these in Equation x 


BEL 

points, P, and P, ion, 


i 


‘from the geometry of Fig. 3: 
2— (Mf, —) 


> 


PBubstituting these two relations in Equation and then subtracting the. 
whic defines the ordinate 


z in terms of the moment areas, A. 
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intermediate point is the weighted mean of the heights of two outer 
points, the weight factor for each height being the horizontal distance between 
he other points. This’ principle of collinear points” will be frequently 
se Applying this principle to the construction shown n in Fig. 4 for | donating ; 


> 


The same e result ‘may also. written, geometry of Fig. 4. Con- 


Equation (5) the height of the T- point as constructed. 
=r Applying wel same principle to the lines of Fig. 5, the following relations 


Substituting the of hy _and hy from ‘Equations 8 (a) and @) in Equa 


(2), the terms containing b in Equation (d) cancel, leaving $ 


‘This ag agrees: with Equation | (3).  Blenes the construction of Fig. 5 satisfies 
Equations (2), and @) which govern the location of the conjugate points. 


ie The « | change i in sign of the right- hand ‘member of Equation (e) represents 
reversal the -axis, as explained i in Section 4, 
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hu 

a4 

icex special c: case of Equation (d) « obtains when VY» y,, and T,_ » are all a, 
that the pennant diagram drops to the base line as in 


amy 


Which is identical wie Equation (2). i is a check on the construction of 


If the right-hand member of Equation (1), representing the absolute or 5 “$3 
load term of the Three-Moment Formula, i is by N, Equation (5) shows 


in order» that the may ‘satisfy the Equation of Three Moments. 


the T- “points are ‘Plotted in accordance with Equation (f), the foregoing — 
Pennant. diagram construction will give the conjugate points, no m: matter what 
—App.icaTion To Beams with RestRainep Exps 
Applying: the principle of collinear points to the construction 
This i is identical with Equation (6); hence the of Fig. 12 satis- 
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If the right- 
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of. Section 4 
henee the Equation of Three Moments is satisfied. 
pis The for this case are parallel to those given in Sections 
‘and 4 of the Appendix forthe case of constant. 
oe a The Eapation of Three Moments for this case is Equation (8) instead of 
Equations (2) ‘and which govern the loca- 
As from the 
tion 
geometry of Fig. 3 
Substituting these relations in ‘Equation | (8): » als bea 


ats 


expression reduces to: 


2 
these two Telations in Equation (8) and then subtracting the 


(2") and (3) ) are now to be ‘satisfied, instead of Equations (2) 


in the construction is modified location of T- as shown 
a Pikes: With this modified location, the height of the T- -point will be (by ~ prin- 
if 
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the values of h, and from Equations (a) and (b) in Equa- “ 


1-2 


This agrees ‘with Equation (8). Hen the construction of Fig. 5, applied 
with the T-point located in accordance with Fig. 15, satisfies Equations: @ 


(3’) which prescribe t the location of the conjugate points. — 


When } all the foregoing equations reduce to the simpler ‘equations 


Fo or this | case, the Equation of ‘Three Moments assumes most 


— (8, Adee (13) 


i 
4 (8). 2, 4, and 1 of the 


sor 


which “the equation ‘fixi the abscissa 
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from the the geometry of ‘Fig. 3: 3: 


Substituting these two relations in Equ 


Equations (2”) ‘and (3”) are to be of (2) 
and, (3), by the graphic construction for conjugate points. | _ The only changes" 
introduced in the construction ars in the more generalized locations of the 
With these modified locations, the heights of the U-V are defined by: 


the resulting height of the T-po poipt will be (by the principle of collinear 
D,) 1, X V, + (C, + X Ct) baw, 


¥ 


ions o ese new loca- 
tions of the T-point and the U-V lines. 


Ky, +b 


Substituting the veloss of h, and hy from Equations (a) and (b) in Equa- 
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tas 


satisfies the Equations (2) and (3”) which “prescribe the 


i ‘Instead of using the equational coefficients, ( C, D, D, and E, the beam constants, 


n, and 9, ‘and the load constants, g, may be used for plotting the U, 


oF 
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By Equation (2”), the terms containing in this Equation (d) cancel, 
4 __ This arrees Therefore the construction of Fig 5 
| 
= 
. 
— 
=_ 
| 
4 


— : — 4 


Bauation (13); “consequently, toe this case: she ity of lott 


_ For unequal values of J, it is shown in Section 7 of the Appendix: (compar- 
ing cogent ee that the necessary height of the T- 


For this case” of supports, with unequal J), Equation ae, 


The location o of the T-line for settlement of supports is conveniently accom- } 
gathnol to 40 lo. iboes amt) ef sur 
applying the ratio, as in Figs. 27 and 28. If is 


t, this ratio is identical with the ratio, applied in| Fig. 15; 


"De 


if li is constant, the latter ratio to applied i in Fig. 


As Vy, _» and U,, are collinear: Jo bottom 


MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 49 q 

— 

> 

— 

— 

y 

q — 

— 

— 

— 

— 

3 

4 

4 

— 

~ 

— 

— 


E. Am. Soo. 0. E. (by letter)—The method of 
>= analysis of indeterminate beams and frames given in this paper is excellent, 


easy and rapid ‘solutions presented should be welcomed by engineers 


- means of bringing about a greater familiarity with, and consequently a 


; greater ‘use of, such structures. I It appears, however, since no reference w 


made to it, that the authors were not aware of a method of graphical analysis 


Same properties of the si simple- 
moment. diagrams the various spans s of a continuous beam; provided 
for the location of the points, U,, ete. (called by Fidler ‘ ‘characteristie 
meet points”), on on the vertical through a one- -third points of spans; fixed the loca- 
tion of the T- -points on a line between. adjacent and V-points by the trans- 
Be Se position of the one- third | span lengths ; and prov ided a means of locating | the 


devised constructions | for the ca cases of unsymmetrical loadings, variations in 
; a depth of member along a span, and ‘settlement of sipports. He emphasized 
aa physical concept of the construction that is not used by the authors, namely, 
that the distance from the characteristic points, U,, , to the M-line i is pro-- 
portional to the slopes o or angular displacements the elastic curve at the 
Bes ss respective adjacent supports. This viewpoint is of particular value when the 


‘4 ee is known 1 from co nditions of restraint or of symmetry of loading. Se: a 
Ostenfeld’s graphical construction ‘(corresponding to the ‘pennant 
ee. grams” of the paper) replaced a simple « calculation in F idler’s method by 

which the authors’ “conjugate points’ were located. Both the Fidler and 
Ostenfeld constructions were described by the writer some years ago in 
a paper§ wherein the 1 method was extended | to x the analysis of. single 
column-and- girder frame, hinged portal frame, and a frame ¢ ‘consisting 
of four columns and three girders similar to that of Fig. “18. For the 
_ latter frame the method of replacing the several unloaded members meet- 


at a joint by a single member designated by authors 


lines, or M-lines, which constitute the solution of the problem. Fidler also 


equivalent ‘member, were § given. The modification of the method for 
. moments of inertia by “transformed spans” was also shown, as well as a treat- 


ment of members having various degrees 0 of restraint at the ends. 
cs Since the analysis by Fidler and Ostenfeld, , although derived from a dif- 


ferent viewpoint, arrived at constru¢tions practically identical with those of 
the authors, it used in Fidler’s 


Research Asst. Prof., Theoretical and Applied Mechanics, Univ. of ‘Minols, Urbana, Ill 
Minutes of Proceedings, Inst. C. E. , Vol. -LXXIV, 1883, p. 196, ‘and “A Practical 
3 bes ‘Treatise on Bridge Construction”, by Thomas Claxton Fidler, Fourth Edition, Lond., 1909. 


“Teknisk Statik’. by A. . Ostenfeld, Vol. II, Second Edition, Copenhagen, 1913. Pro-— 
"fessor Ostenfeld added certain graphical constructions to Fidler’s making a ‘very 
general application to various forms of continuous beams. 


“Graphical and Mechanical Analyses of Frames”, by F. t 
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* tiaiictne (Fidler made use of the effective depth of the gir her ~ 
rather than of the moment of inertia, but the substitution of the latter by 


Ostenfeld was an obvious step.) For convenience, the notation of the paper a , 
5 oy Consider, first, the simple beam of Fie. 32, having constant valv Tues of E al 


‘I and subject to two concentrated loads. — The centroid ‘of the moment dia 


gram is at a distance, gl, from _the end, R,, and the area of t the moment — rg 


“diagram is . A. The ‘slopes « of the elastic curve at R, and R, are denoted by 
6, and respectively. By the well-known of area moments the 
‘deflection at of the elastic curve from the line drawn tangent to the 


OF Ui ne 


M 
at R,is 19, and is equal to the statical moment of the — - diagram mae R,, oF, pis 

= 

M, ‘asl 4 


4 Now, ‘the of Fig. 33 which is that of Fie. 32: 


but is acted upon 1 by external moments at the nthe instead of by transverse _ 
loads, The moment diagram is a varying in height from. M 


- In Fig. 34, the same ER! is shown subjected simultaneously to the con- eee 
_ centrated loads and end moments of both preceding examples ; in other words, Eee 
it represents a typical span of a continuous beam. The moment. diagrams 


of Figs. 82 and 33, when superimposed, or added algebraically, produce 

“moment diagram shown in Fig. 34. From the e foregoing theory, the ‘deflection 


and thes e slope at R, ‘multiplied by 
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84) and ordinates are erected at the points, U and V, making UU al to 


ainare 


and v to From Equations sg) and (19) it is seen 

that t the distances, a U, and b V, » are thus made equal to 6, and —— 4, 
“respectively. The points, U, and V are called characteristic points are 


the U and | "-points of the paper, for the case of unsymmetrical loading shown 


Fig. symmetrical loading g, is equal = and both the ordi- 


ae “ nates become equal to —, as is also shown in the | paper. f Since the - distances, 


= aU, and bV,, are proportional to the slopes of the elastic curve at their be 


_ spective : adjacent s supports, it is seen that, if the beam is fixed at R, and | Ry 
these distances are zero. If a partial restraint is ‘offered at and Ry the 
7 slopes at these points are inclined downward toward mid- “span and the point 
and fall below ‘and Conversely, if the end moments are sufficien 

to produce slopes at’ A and B that are inclined upward toward mid- span, 
and will lie above the characteristic p points, U, and 
sas, Now, referring to Fig. 35, since adjacent spans of a continuous beam have. 


the same slope at ; their eommon supports, it follows that the distances, av, 
and bU,, vary: directly as the Feapective of the: two. 


for If — 

is constant, a’, and are equal and the closing M-line passes as. “far 


below the characteristic point, Vp one > span as it does above the corre: 
_ sponding point, U,, in the next span. If only EI is constant, aV, and bU, 
inversely as the values of 1, and respectively. Fidler showed that 
with these limiting g co onditions the location of the M-line might be made by 
“cut- and- -try” but he aleo.4 gave the following direct method of con- 
struetion.. three-span continuous beam of Fig. 35 is considered to have 
ake a constant value of EI throughout with ends ‘freely supported at. R, ena R, 
The simple-beam moment diagram for each span is first drawn and the ch cheat 


acteristic points, U,, ete., are located. The characteristic | points, U; 


and V,, are joined by straight lines a: and the points, T and 
The M- line i is now to be drawn 80 that aV, <1, equals bU, X1,; this in 
by properly locating the and P,, on the M ‘line. If the distance, R W, 


is divided so that and the | point, is located vertically. above 


4 ie. J, on the line, R Tie ‘then P, lie on the required M-line. For, 

¢ 
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Proceeding t the mens: span the distance, RY, must be divided eo that 


“a hy With J, thus located, 1, the rah P,, will lie at the eR; 


milar to that of the preceding paragraph h, it may shown that this con: struc- 
tion will result in making the distance, X 1, = U,mX This satisfies 

a the requirement that the distance from the M-line to the characteristic points, 3 
and U Shall be inversely proportional to the respective span’ lengths. 

There are now two known points on the M-line i in the third span and 
in each of the first and second spans, so that the M-line may be drawn, s' le 
_ ing from R,, through P, to e, thence through P, to c and from ¢ to R,. The 

2 esultant moment diagram is represented | by the area between the the simple-beam eae at 
8 _ Obviously, the method might be applied to a beam having more than three 
spans by a repetition of the typical construction used in locating the point, 


2 


Jy thus locating a similar point, J,, in each span. 
«Ut is seen that | Fidler’s method | requires the division 1 of the distances, R, an a i 
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54 RICHARTON IN RESTRAINED AND p 

ae ; again to Fig. 35, it is 5 required that the distance, R,W, be divided so tha t 

4 
= . Itis to draw this separate 


m the moment diagram as shown in the ed ail of Fig. 35, all vertical 
and -lines being produced to intersect the line, r,r,. Starting at 


ry any line, e, rn, is drawn to to inter reect the R, -line. ae the point, 0,a second | 


AY 


= 


ase line at Dos which, when projected vertically upward to sntith adie q 
The ‘proof of the construction is as follows: ot 

a Similarly, starting from Pa» which i is the projection ‘of 4 known point on the 

_M- line, a second pennant diagram ‘is constructed to locate the point, ‘Pol 

which, when projected vertically upward to meet the line, P,T,,, locates the 

«Tt is seen that -Ostenfeld’s construction is identical with the “pennant 
of Fig. The construction has “not been _ interwoven ‘with ‘the 


other construction lines of the moment diagram as in the paper, and the 
& 


writer feels that the separate diagram is preferable in ways. Since it 


se ae independent of the distribution of loading, the Ostenfeld diagram may be 
drawn ‘entirely as soon the R, U, V, and T- ‘lines are drawn. The con- 


pre 


struction can be checked by drawing a second diagram beginning at the right- 
has been noted Fidler’s derivations included applications of the. 
: mathod (similar to, but less detailed than, those of the paper) to the cases. 
of settlement of supports and of a variation of moment of inertia along the 
= beam, Tt i is clear that applications may also be ‘made for various conditions 


ss of 1 restraint of the extreme ends of the continuous beam. ‘If the ends of a 


4, 


beam are fixed as in Fig. 36, the distance from the characteristic 


point, U;, to the M-line, which is Wequal to times the end slope, is obviously 
zero, and the M- line goes the point, U, It also follows that, since 


— becomes the known point on the M- -line, that the Ostenfeld diagram alo | 
‘begins at the U instead of at the reaction line through R,. 


eg For ictal of a known partial restraint of the ends, as might be the case 


ee of a test beam on which observations of end slopes have been made, the die 
oe tances from the M- line to the U and V- -points adjacent to the ends of the 


beam may be ‘calculated. Fig. ‘37 ‘shows such a beam, for which the end slopes 
are §,, and 6,. The distances, U, U and V,V. are equal, respectively, to 


and, as the slopes. a degree of restraint less than fixity, 


the M-line'will pase below the points, U, and V,, ‘This beam ale 


bed 
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acteristic for the span fall uy upon the base line, R R, , and all 
are drawn in the regular way. Since the known points on the 

_ M-line are directly below U, and V,, the Ostenfeld diagram is started verti- a : 
below one or the other of these points as shown. | We 

7 


i. 


as that due 


feld diagram will start from the reaction construction i ‘illus. 


de 


t a 
— 
— 
7 
— 
Tf the restraint at the end is due to a known moment such . 
a cantilever bracket or projection, the M-line may obviously 
he im 
be 
tie 
ton, 
— 
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a. ‘It is interesting that analyses proceeding from two distinct viewpoints 


Should result in graphical constructions so nearly identical. The authors 
are to be commended on the treatment of ‘secondary. stresses and of variable 


‘moments of inertia of members. The tabulation of constants for beams having» 


haunches of various shapes and sizes places the results” of a great many 
Lo s analyses i in a convenient form for r reference, and gives a kind of information 


ow 


‘ 


a 


4 


that is not found in most text and reference wblitt ‘The application of the 
concept of conjugate points to. continuous beam analysis | gives a new and 


ea apparently useful line of attack on the problem, and the whole p paper should 4 er 


bf 


‘4 be of distinct value in giving publicity to a rapid and simple solution of this 9 


HARLES S. Wuirney,* Soc. C. E. (by letter) the authors have 


ner, in income a very interesting graphical method for the analysis of continuous 
Oy i beams. As it has been proved that more economical reinforced | concrete struc- 
oe: es _ tures can be produced by designing them as elastic frames, any such method 
4 ee 3 which simplifies the design is valuable. ‘The writer has been using a very simple 
ay 
: -. general analytical ‘methodt for locating | the conjugate | points which should 
also be of interest. Fundamentally, this method is probably the same as that 
eee of the authors, but its ; derivation, appearance, and use are. ‘different. It is sa 
general method for the solution of continuous frames composed of straight 
the ends of which do not move horizontally or vertically. deri- 
4 ation is effected by considering a a single member as a beam with ‘elastic sup- ; 
= hei “ports. _ The notation used is shown i in the diagrams, Figs. 39 to 44, =< 
The e beam, AB, is considered as elastically restrained in ‘such a manne 


ae aig to at and a unit moment at the right support will produce a rotation — 


to ¢ The ‘total re rotation of the left and therefore, will 

a cans + See “Neuere Methoden zur Statik der -Rahmentragwerke und der elastischen Bogen- 


traeger,” by A. Strassner, and “Methode E. Suter. 
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5, "WHITNEY ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 
Considering the beam as a simple span without restraint, the 
loading will produce | an angular displacement of the left end to an 


a unit value of Ma are, respecti 


both cases. the beam has a uniform of inertia, the values of @ 


ties, 


1, a at right and determine the location of the point = 
tion. 


| — 

— 

and B. right ends produced by 

. The same values 

displacements gram may easily be derived. Eq 

From Equation (20), 


| 


‘These values ¢ of a and are the abscissas of conjugate points. 
unrestrained beams, the values. of «, and are infinite and a and ad are zero. 


From Equa- 
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¢ useful a ind can be located as follows. - The intercept, AA’, called Ke is seen 

gated eles 3a alto (28) 


‘en 


These cross. ines ate ithe loci of ite: points for their 
— Jocation on the deformation of the unrestrained beam under the ‘assumed — 

loading. - They are not affected therefore by the actual end conditions. The ane 
a and b, fixed by the end conditions and the elastic of 


far 


“Fig. 48. 


The values of - aos and can easily be found by the moment- 


area method or one of the other. familiar methods. For of uniform 


— 
— 
8) 
2 
— 
| 
— 
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For beams of variable moment of inertia, the values: can be obtained by 


“finding the reactions is produced by loading a simple beam with the modified 


ae values of K, and K; for some ‘common conditions of loading on beams 


dew 
of uniform moment of inertia are given in Fig. 43. ee 


The value of is the angular displacement of the left support when" 
ah M,= 1. if the span under consideration is continuous with another beam to 

f he left, « will be equal to the angular displacement of the right end of this 


= the values ot a’, a’, U’, and B ‘being the values for the span to the left o 


ss & = there i is more than one member framing into ‘the left ont of the loaded 


A 


rately when acted on by a unit moment at the end. When there is a series of 
‘spans, the values o of «, and a are determined successively, starting with the 


ea the left- end span. The values of ¢, and b are determined in the oe way 


me members with a uniform 1 moment of 


ims w ro for the hinged end, an ies 
; Phorltont gare adt to 9ao 70 bodien 


sc aiaalaas tables for the easy application of this method to continuous beams 
haunches of various sizes a at one or both ends are ‘available.* 


ss * “Neuere Methoden zur Statik der Rahmentragwerke und | der ela 
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and the writer is under ‘the impression that it is quite as general as their oe . 
One question in regard to ‘the | application of any such ‘method t to reinforced 
oo q ega app ny 
concrete structures which the writer would like to have discussed is the selec- = 
tion of the proper moment of inertia to use in the formulas. As the solutions 
depend only on the relative moment of inertia of the different ‘members, ‘it 
has been suggested that the moments of inertia of the full concrete section be 
used, neglecting the steel entirely, The w writer believes that this will ordi 
-narily give good results in the case of continuous beams, but it would ae. 


J that | some m¢ ‘modification would | be required | if some members | were very much 
‘¢ more heavily reinforced than others, In continuous T-beam construction, it a, 


_ is customary to use the moment of inertia of the full T-section for those parts. Bh ts 


the beams to negative bending as well as those 


M ‘Axe. Soo. E. (by letter)—This paper, as the 


“Introduetion” sets f forth, was written primarily to be of use to designers in 


geinforced concrete > construction. ‘A secondary use is mentioned 

elt 

On several occasions the writer has s emphasized the fact that cc concrete 


struction, as proved by tests, does not act in a true elastic manner nor even 
ELeoeaubmatahe. 80. He has also stated that there are many ‘considerations, 


apart from the one stated by the authors, namely, tedious methods, which 

the writer’s paper entitled Some Mooted Questions in Con- 


” 
“Professor Gaetano ‘Tangs has given some data on ene) deflecti 

of reinforced concrete beams.¢ - He has also worked out the theoretical des 
3 flections on various esstimptions: An attempt to reconcile the observed deflec. a 

tions with one of the several methods of calculating stresses led him to the _ 
_ “The observations made thus far are not sufficient to furnish the means ‘* ; 
_ for determining the actual distribution of the stresses, and hence for the ae 


- deduction of reliable formalae for the computation of the direct stresses, shear- e 


t the ideal 

stresses worked out for a reinforced conerete structure are far from realization — a 
in this far from ideal material. ecentiongg ows 


“The theory or falls wie one is able or unable to 
| calculate accurately the deflection of a reinforced concrete beam; and it is ae 
an impossibility to calculate this deflection even approximately. The tests Ba 
cited by Professor Lanza show the utter disagreement in the matter of — 


in Concrete Beams,” Journal, Am. Soc. Mech. Engrs., Mid-Octobe 


4  @ODFREY ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 
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A 
Of tested, two beams which w were identical, 
4 ‘est 100% apart. A theory grounded on such citing ‘foundation does not 


= foregoing attack on. the elastic theory as to reinforced con- 
__ erete was not answered in any manner whatever i in the long discussion which 


th In the discussion of a paper by A. O. Janni, Mam: Soc. C. E., entitled 


Design of a Multiple- e-Arch System and Permissible § Simplifications”# 


- “The modulus of elasticity of concrete varies considerably, even for speck 
“mens made of apparently the same kind of materials. It also varies for 
 dmalens intensities of. stress, which means a variation in the same cros# 
section of a member in bending. _ The first of these inconsistencies could not 
be allowed for mathematically; the other, if the law of its change should 
be discovered, might yield to analysis by adding manyfold to the complexity 
_of an already overburdened mathematical solution. = 


“Furthermore, steel reinforcement in a contributes mate- 
-Tially to the lack of true elasticity and the fact that it is unstressed in its 
«original condition. _ Shrinkage i in the concrete puts initial stress in the steel, 


concrete are vitiated by this undisputed fact. 
whole fabric of the method of designing veinforeed arches 
Rae elastic structures stands or falls according as the deflection of a reinforced 
a 4 concrete beam under test can or cannot be accu rately determined by compu 

: ~~ _ Tests prove that this deflection cannot even be approximated by com 
- putation. Here, in a nutshell, is the proof that the elastic treatment of the 


far as the writer these arguments have not been futed. 


“Se - Reinforced concrete arches designed on the elastic theory. and continuous 
i are on the same basis and what is said concerning the applicability « of 

_ the theory to one has equal force as to the other. {okt neither is an elastic strue 

ture, the elastic theory does not have application. == 

Se = eer structure to be elastic in the mathematical « sense must not only exhibit 
jie what is commonly understood as elasticity, but it must have a constant oF 

nearly constant modulus of elasticity in all its parts. The theory of elas 

ticity, particularly su phases" as apply to elastic arches and continuous 

- beams, can have no application unless the modulus of elasticity is a constant. 

en two specimens of concrete made in an identical manner show vari- 


of 100% in deflections, this means that the modulus of ‘elasticity 7 in 


Swe two specimens varies by that amount or more; or else, what is stil § 
ie = significant, it indicates that that modulus may be different for different a 


-~parts of the same member. | That difference would have to be more than 


‘Many experiments demonstrate the fact that the of of 


Ey ~ eonerete i is quite uncertain and varies even to the extent of several hundred 
per cent. many tests indicate that there is variation for different 
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intensities of etress. The application of the elastic theory toa material ‘ouch 


problem of elastic concrete structures, and unless it can = 
controverted, every part of every such solution—a large total in « engineering» : 
literature—is merely theoretical matter of no value. [este qot 
be. On secondary stresses, with which the paper also” deals, very complex 
"mathematics has been ; introduced into the literature of engineering; and it 

is seriously questioned if any of this is of practical value. This highly — 

- theoretical matter has more than ‘once been challenged as inappropriate and > 


"useless by the writer, chiefly on the ground. that the malleability of steel “2 
“vitiates assumptions, and tests do not indicate any agreement between 
the the 
the theory and ‘fact, because the theory referred to. ignores care 


In a even- page discussion*— of paper on Secondary Stresses _ 


Bridges”+ by Cecil Vivian von Abo, Jun. Am. Soc. C. E. , the v writer set ce 


Teasons why it is unnecessary to consider secondary stresses in steel work. 
9 


‘yon Abo’s answert to this is, “Mr. Mr. Godfrey « questions the the efinition ‘of 


\ Another paper§ further er emphasizes the futility of the consideration of 


“seco ndary stresses. A paragraph from that paper is ‘pertinent: 


B. Steinman in his conclusions on the tests of the Hell Gate 
mays in Transactions, Am. Soc. OC. E., Vol. LXXXIU, p. 1071, that during erec- 
tion, ‘except for the smallest “secondary stresses, the measured values were 
consistently lower than the calculated values. For the higher percentages 
- secondary stresses the measured values are only a small fraction of the cal- 
ulated values.’ Also, ‘the actual secondary stresses will generally be lower 


‘dhe 


than the calculated values. _ There is an automatic re-adjustment of strains saa 
within a structure in such direction as to relieve the secondary str . ee 
There ean be no doubt whatever that this ‘automatic re-adjustment’ is simply a a 
. the working out of the effect of toughness or malleability of steel, a property oo Sr 

cr If, in the most elaborate set of tests ever made to. investigate secondary Ls 
mes so striking a disagreement with theory as that indicated in the last _ 
paragraph was manifest, is it not legitimate to ask, “Why should consideration | ote 


of secondary stresses have any place either in engineering design or liter. _ 


 ©Feurx H. Spirzer, | Assoc. M. Am. Soo. C. E. (by letter) —The graphic 
methods developed in the | paper are simple, short, and easily y checked will 


olt., p. 


con to the elastic theory as applied to concrete and reinforced 
hich grete. It is to be hoped that the authors will make serious reply to this __ a ; eee 
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‘TURNER ON ‘MOMENTS IN AND CONTINUOUS BEAMS 


pla melons has been familiar with the method previous to its s publication 
eet through the courtesy of Mr. Nishkian and 
buildings, saving in the quantities of concrete and steel in 1 the frame wok 
designs ‘resulting: from this method call usually for larger negative 
_ moments and smaller positive moments than would have resulted from the 
= use of building ordinance f formulas. There takes place, to a certain extent, 
ome shifting of the quantities from the center to the support. The negative or 
= as top steel becomes more important and its location has to be better insured, 
E : a. general reduction of quantities cuts down the | margin of carelessness and 


these reasons the writer recommends that the use of these graphie 


. aie shall automatically call for better ¢ engineering field inspection than 


is given to present-day concrete building construction. 
> A. ‘Turner, M. Am. Soc. O (by letter) — —The authors follow the 
beam theory disregarding rhombic deformation. ‘the graphis 


eee outlined i is simpler t than available analytical | methods, appears open to 
=} ‘This ‘might be true were only the ‘methods: of Clapeyron, as s simpli- 


fed by ‘Merriman, available; but a series of ' three-moment equations of nega- 


negative moments by which the problem may be 


gx Half the sum of the moments over consecutive supports plust the moment 


“4 R the center of the span, equals the moment ordinate for the given loads at at 


e center of that Span considered ai as as simply supported. From a series of ‘these 


4 
4 


can ports i me r eo 81 s, and for : the shears at the sup- 
For a uniform load spans, these may be written with- 


equations of negative moments of. ‘additional’ three- 
fhoment equations of -eenter moments, and also give the relation. ‘that. the 


A : negative moment over any interior support equals the numerical sum of the 
adjacent positive center moments between supports. Thus, this§ analytical 


method, as the writer views it, is simpler than the graphic. at 2 
sf analyses continuous beams are in general based | on Mohr’ 


nt relation of Equation 


to have been published by the late Charles E. Greene, WM. Am. 


The e symmetry of the summation equations of two 


- analogous but divergent graphical methods—that of fixed points determining 
the false polygon of deflection, as followed by Eddy,§ and Church,** Win and | that, 


Cons. Engr., Minneapolis, Minn. 
‘Concrete Steel Construction”, by Eddy and Turner, Second 


t Plus becomes minus in case of zero load on the span. 
§ “Elasticity and Strength of Materials”, by Turner, Section II. 
“Graphical Method for the Analysis of Bridge Trusses”, Van ‘Nestiand. 
“Researches in Graphical Statics”, by Eddy, 1878. oat 
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of from which the closing line of area. m: 
be found, as detailed by Fidler,* whose treatment fo follows almost identically Bo. 


4 “the same lines as that of the authors and appears simpler i in ‘detail. Hence, a wa - 


comparison by the authors of this method with their work would be 9 of interest. ae . 
4 ‘The authors’ premise disregarding | rhombic distortion involves the assump-— 
: a that a a plane normal section before bending remains s plane after bending — 


and normal t to the a2 axis of the beam ; At assumes that the ‘sum of the horizontal at 
"compressions balances the sum of the horizontal tensions, which, although true <i 


& of the simply supported beam, is untrue for the continuous beam. BA: basow al 
ot T he equalizing of the horizontal tensions by the horizontal « Sma 


pre university pro ofessors teach in substance that i in the 
ay of flexure, while action and reaction must be equal, the center of ape 


action of the positive shears need not for equilibrium be opposite the c the center z ies 


of action of ‘the compressions. In | that way they erroneously. locate the neutral “ 


- plane at the center of gravity of the section along the length of the beam. 
r This erroneous location of the neutral plane dates back 240 40 years | to dus agel 
“tation of Mariotte i in which he assumed without | proof, on peut concevoir, that — 


re as man fibers stretched as compressed. ree 


__ Now, in , order that the action of the compressions and the reaction of ‘the 4 


rs hears may be opposite, the neutral plane must be depressed below the gravity — Hs 
toward the end of the s simply supported beam a a distance of nearly one- 
| tenth the depth, following a curve of the same order « as the ‘slope curve for Ea 
various loadings, whether central, uniform, or other. ter 
Ine order that the material 1 may obey Hooke’ 8 la ; there m must be a a 
Strain proportion to the shearing force and the plane section instead 
remaining plane : and normal to the axis of the beam is rotated ‘from it and Be 
- "assumes the form of a a reverse third degree curve; since the shears are the iy 
summation of the nemnenk stresses following a linear law the shear stress area Boas 
‘is parabolic, bounded | by a second degree curve, and | consequently the su summa-— 


tion of the shear areas which determines the deformation is a third ‘degree 2 


curve. 
fe 31 lagonath odd Gan ef med Yo bus ‘wok 
Applying to the restrained beam, if it were h hinged at the 


of inflection the neutral plane at the hinge of the = 
would be nearly one- tenth the depth below the center of gravity of the sec- 


q ae. and the neutral p plane for the cantilever portion would be one-tenth the ey 4 


“depth al above that center. Since the material is “not separated, these diverse 
positions of the neutral pl lane, when hinged, are foreed to together b by interfer- 


> ence of the rotational sae’ strains represented by a couple of one- -half ‘the 
- total intensity of the moment stresses having a lever arm of approximately 


fifth the the beam. for the restrained steel beam 
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- TURNER oN MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS: q 


over the supports and one-half at mid-s span of that 


_ puted from the erroneous location of the neutral plane following the commis 

The author’s ‘propoeéd theory for the a attainment of economic 


aon beam design ‘is thus lacking in that ; degree of accuracy w which permits the 

2 greatest ‘economy. In this respect it offers little improvement over building 

which likewise disregard shear distortion. 

bs The criticism of the ordinary | beam theory, because it disregards Hooke’s 


law and Newton’s third law as well, is applicable to the entire theory of 


secondary stresses. The “bending of a ‘prismatic beam is "determined 
P dominantly by the elongations and compressions parallel to the axis. In the 


column, on the other hand, before the stage of incipient failure has been 
reached, elongations | are approximately normal to the axis and compressions 


parallel to it. Its change in shape is determined, therefore, predominantly 
= the very shear strains which are disregarded in the theory of “see 


stress. This ¢ disregard of shear strain reaches its greatest absurdity i in 1. build: 5 
2 codes : and in the rules* of the Joint Committee on Standard Specifications 


r Concrete and Reinforced Concrete, for ‘determining the cin 


‘eee Then, ‘pau shear strain causes shear failure, it is provided for Wi 


dalle a unit sh shear stress unrelated by 1 proportion to the shear strain that 
causes failure—computing ‘that shear s ress on the basis of the external | shear 


force divided by the cross- -sectional | area ‘instead of calculating it from the 


accepted summation equations of beam theory. 7 


: x “Tf, or n the side of an elastic : prism, lines para 
is “axis are drawn so as to divide the surface into squares, and the prism is saa 
sharply, the squares at the center will be deformed into 


squares at the end at mid- depth w will assume a rhombic form. -At the cen enter 
under uniform load there is no external shear force. Yet a rotational deforma- 
a9 tion . has taken ‘place and the ‘squares es have been deformed into trapezoids i in 


which both diagonals are shortened i in the compression zone and both diagonals 
_ lengthened in the tension zone. . Toward the end of the beam, where the 


rhombic deformation occurs, the diagonal ‘sloping downward toward -mid-span_ 


_ from the end of the beam is lengthened and the other diagonal is shortened 


both tensi ion and compression zones. ‘These two ‘distinctive 
“have different laws of summation and arise from divergent causes. is 


Trapezoidal deformation is produced by the external ‘shear force and is 
_ Proportional to the moment at any ‘point in ‘the beam. Rhombiec deformation 


at , the neutral al plane on the | other hand i is proportional: to the horizontal shear 


"stress (or the sum of the ‘moment areas), or to the slope ‘of the beam at t the 
point in | question. _ Cracking of t the concrete occurs where the > sum of these two 
rotational is a maximum. Hence, shear + failure occurs in the 
simply supported deep concrete beam toward the ands in the shallow beam 
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ix tom, 
“the « steel resists the direct tension, , checking or - cracking of the concrete occurs: 
in the shallow beam because of the sharpness of curvature requiring a limita- % 
“tion i in the percentage of steel. In the beam cracking is caused pre- 
me Ina given | beam for the same kind of loading, with the same percentage of 
- steel, and the » same working stress on the steel, the rhombic shear strain in 
“the simple beam is proportional to the external shear force for a given distribu- 5 pe: 
tion but not for different distributions of loading. In the continuous beam, on 
contrary, ‘because it is made up of ‘and suspended 


- Hons, the rhombic deformation i is zero at the support instead of a maximum as 


rom these divergent laws vs of summation. there results a resistance to ex- 
ternal shear force which may be three to four times as great in the continuous RP cs 
beam per u unit of section as that developed i in the simple beam, yet building ae. 


‘ for Concrete and Reinforced Concrete, | still err in requiring provision for shear a Me yi 


rar 
strain in the contiguous beam as if it were comparable in its mode of resist- a 


Tks is to be regretted that the authors did not carry out their investigations = ae y 


a = a stricter application of Hooke’s law 80 t that their theory would accord more — 


osely to the conditions met in practical work. to 


ace The divergence from exact theory by the disregard of shear strain may be 


gummarized as follows: The neutral plane i in the simple beam passes through 


the center of gravity | of the section only at the locus of maximum deflection. 
itd dips downward toward | the end of the beam in a curve of the same order as 


F ‘the slope curve. In the continuous beam, on the contrary, due to the inter 


*s ference of shear distortion, the neutral | plane p passes through the center ae 
"gravity of the section at the points of contraflexure only. ef rises above the 


4 center of gravity at the supports a1 and drops below it it between supports, goat z — 
ing i in like manner @ curve of the same order as the slope curve for the given 


igidities. deflection i _is less for the arrangement than 


any statically determinate arrangement. _In the statically indeterminate te 


strained or | continuous beam the ‘deflestion i is redeced not only by the divergent 


distribution of moment ‘magnitudes but by interference of shear distortions 


It appears that. heretofore no general definition has been formulated co cover- 
_ ing jointly what may be called the neutral plane i in the homogeneous beain and» 
f in the reinforced concrete beam as well. The writer would define this se 


a8 the locus o £ consecutive points « of right shearing stress in ver 


mposite beam 


a 
— 
in — 
— 
— 
of 
by 
re 
the 
Dns — 
tly — 
— 
ns 
one 
[ 
the 
ent 
ne 
als 
the 
ons 
100 
car 
the 
wo 
axis where tension, Compression, and Shear have the same mag- 
nitude. This state of right shearing stress in on 04x 


CROSS ON MOMENTS IN RESTRAINED AND CONTINUOUS wie “Pla 


thet the homogeneous beam in that as the shears are equalized at the the 
4 ‘at th leas > Ae 
ess at the 


aa  Sgdearan tension in the e concrete offers material 1 resistance to flexure 4 ; 
and that the divergence | in the newly cast beam between steel moment | times 
: §g lever arm and the applied ‘moments o: of the load must be ) attributed to the 


_ reaction: of the residual stresses induced during the ee A of the concrete 
‘It is to be noted that the of the ‘deflection caused 


by distortion decreases as the square of — decreases 


and in like manner does its influence in reducing the intensity of the tension 
ac. over the support at the top and between the supports at the bottom. il 2 
The much greater rigidity o of-a -a column in flexure when loaded with. 

weight of several stories on the one hand as compared with the same column 
Seine relatively light load of the deck structure on the other, is one 

a the surprising observations in testing concrete buildings. Here the ordi- 

“nary beam m theory as applied in the paper gives no } indication of the phenomena 
but it may be e explained by. the variation of the relative flexural mpistanes ae 
sulting from divergent stress areas at critical sections of thecolumn.* —s___ 
a. bearings of the continuous b beams i in a concrete building are more OF R 
| less fully restrained either by the r rigidity o of the columns into. which 
3 frame or by the torsional rigidity of the carrying beams and through 
which continuous joists may extend. three- moment relations tus become 
- indeterminate, as. the number of oqugtlons of condition is one less than the 
Ph number of unknown moments « over the ‘supports, forcing the practical designer 


to use other r relations in solving his problem 


7 ~The method of the authors is therefore applicable to continuous steel came, 


hinged supports rather than to ordinary reinforced concrete construction. 
i As the summation equations ‘relating to rapezoidal ‘and rhombic deformation 


hie Ke follow divergent laws, it is simpler to treat each kind of deformation sepa- ft 
4 rately, ‘determining the resultant state of stress by combining the two. The 


<a authors’ analysis forms a correct basis for the preliminary computation 0 


ee cS trapezoidal deformation. The resultant unit stress in tension is modified by 


‘combining the trapezoidal and rhombic  deformations.t In the he foregoing 
-_ eussion it is to be kept in mind that the center moment is not the maximum — 


aie positive moment but the positive moment at the center of span, which may be 


utilized as as a kind of relation from which the maximum negative ‘and | | positive 
Harpy Cross,t M. Am, Soc. ©. E. (by letter)—-This paper is an interest: 
4 ing contribution to American literature in this field. —Itis especially welcome, 
= to the writer because the authors emphasize that it really treats of geomesEy ai - 


* “Elasticity and Strength of Materials,” Section IV, p. 8. ie shal ee or Galle 
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HIGGINS ON wer ATNED AND CONTINUOUS BEA AMS 

the geometry of ideal distortions i 


metrical, they can be presented in almost unlimited either in purely 


3 
form (graphically) or in ‘algebraic form (analytically). The 
choice between these two methods 3 is almost entirely one of 3 individual taste ae ae 

and experience. _ The riter prefers analytical solutions for all the problems 


ind 
q discussed and finds them more expeditious, but this does not mean that he dis» __ ; 


counts at all the value of the graphical constructions presented. 
si The paper i is free from what seems to be a fault of f frequent « occurrence in KE 


the literature of indeterminate structures, exaggeration of the value and im- 
4 portance of exact influence lines. With uniform loads or where | ‘equivalent eee 
uniform loads | (the equivalence being strictly correct only for a triangular 
‘influence Tine) are “available. or easily determined, influence ‘lines are usef 
“chiefly i in determining load divides. In continuous | girder problems: one — 
determine by. inspection ‘what spans should be loaded, and uniform or equiv ae. 


* 

alent uniform loads: are sufficiently exact. Iti is only f for points between the 

al 


‘fixed. points ‘and the supports that divides for moment need to be found. ee 
most cases, it is bette fo maximum rather, ethan 


q of stresses to sending: moments in con- 


1a, “tinuous girders on ‘settling supports, either neglecting the web members or D 
re assuming pin connections at their far ends, is-very interesting. The writer a ; 
oo has: s at times indicated this method to his students, but without much faith in. ‘ 
‘its general accuracy in the cases of secondary stresses which are worth 
ey putation. The truss used as an illustration by the authors is not such a case, ue 

‘4 


: - and the writer hopes that they have available and will present further data on 
: ‘the degree of approximation of this method. It i is probably not very close in as “Ss 
“such cases as arches, where the web i is very stiff near the center. 

The paper suggests many lines of study and comparison which | ‘space for oes 4 


bids developing. a ‘The w writer. has nc not investigated i in detail the « originality y of Be a fe 


- structions which he is told are due to Ostenfeld. Indeed he does not cons consider ae ae 
the question very important. contribution to American literature which is 
‘not merely uninterpreted | translatio n—or, worst of all, u undigested tra 


has value in itself irrespective of comparisons with foreign literature; ‘the * 


literature of indeterminate structures often been | burdened ed by JTistorical 
precedents which have limited it to so-called “classic”, and ver very unusable, 


Hicains,* M. Am. Soc. C. E. (by letter).—This paper is a valuable 
addition to engineering literature on the subject of continuous beams and, as 
authors s suggest, will prove helpful to designers’ of structures in 
concrete. Not only is the authors’ method an excellent one, but their explan- Ta 


ation is remarkably clear and their industry in applying the method of conju» Pe : 


- gate points to the solution of many different problems will earn the gratitude of | aon 
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on 2- -post trussed beams. - Had he the method of conjugate point 3 
simplification probably would have considerable. ~The trussed 


_ problem differs from those ¢ given as examples. by ‘the authorst in that the ends’ 
are not fixed, but simply held down by the tie-rods when ‘they tend to rise, 
zs: . and held up by the supports in all cases. _ In other words, negative bending 


15) zack 


moments 0 occur. The writer has investigated several cases of partial : uniform 


£6. ‘Wauxer,t M. Ax. Soo. C. E. (by letter) —The writer has read this 


paper with considerable interest. He believes it to mark a very definite ad- 


vance in the practical design of continuous beams and girders. — bs Although the 

Theorem of Three Monients a and its more advanced eneralizations have long 

well to’ mathematicians and engineers, practical application 

ae : always been on a restricted scale by reason of the great amount of arithmetical 

4 graphical: ‘methods ‘developed by the authors ‘should go go far toward 

neressing the use of more exact methods of calculation for constructions in 


which continuity of structure over 1 points of support is involved. It gree 


legitimate to apply methods which require much computation in proportion 


to the results obtained to large and heavy structures involving a a considerable 


- ete.), but it is not economical to incur the cost involved in elaborate calcula- 


: My expenditure (for example, long-span swing bridges, continuous girder bridges, 
4) 


tion to smaller structures, such as the framing of an ordinary reinforced wont 


The large the paper makes toward | enabling exact methods 


of computation to be applied in a relatively simple and easy manner, gives a — 


"great practical value to this Method of Conjugate Points. _ The writer regrets 


cipal conclusion which he has drawn from reading the p paper is that the method 
is much more adaptable for ordinary office use than any other way of apply- 
ing the Theorem of Three Moments to reinforced concrete design. i cannot 


compete in ‘saving of time with the methods in general use for ordinary cases, 
 s which empirical coefficients are used to calculate bending moments, but in 


of any apyresiahle magnitude the extra cost of the time involved 
than can be justified 


3 ies A great deal of the objection that has boon ‘taken in the past to the prac- — 


— application of theories of continuity of structures has been based more 


on their complexities and lack of adaptability to the conditions of practical use 
- i than to valid opposition to the legitimacy of the basic | _ assumptions 


used in developing the theories. Opponents of the application of exact statical 
eZ have usually raised the objection that, in applying theories of con 


- tinuity, conditions are assumed that are incorrect. In particular, it is 3 fre- 
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ag columns in : reinforced concrete building, are not sufficiently rigid to justify a z 
- the assumpt ions which are made in regard to transmission of stress Se 


nearer the truth made by i imposing ‘an 
multiplier on the moments calculated on an edmittedly imperfect basis. _ While 
he does not subscribe to this « opinion, the writer, , probably i in 1 ‘accordance with a ati 


great many other engineers of similar views, has used approximate 
methods rather than consume the time necessary for more exact computation, ¥ 5 4 


because in many instances the saving which might be effected would not be 


sufficient to justify the cost of time involyed in the longer calculations. — 

- Methods which are ‘justifiable n a long continuous-span bridge are quite the 
reverse when applied to snide — ft. span floor-beams. It is in the direc- 

_ tion of making closer calculations worth while in smaller structures that tHe 


4 .. authors have presented in an exceptionally clear manner the principles 


“Fixed Points a 
‘ application to every- -day work. A 4 which should be over- 
4 looked is the fact that with aelatively little additional computation exact 
= solutions are possible for cases of complex URGE He of load as well as for 


with the simplification which the -author: effected it would 


as are developed in “Table 1 to henna of the n magnitude of the example which 


2 aardly appear Practical, however, in the ordinary way to apply ‘such methods a 


they have chosen. — The writer, , however, fe feels at a | disadvantage in n making — 


‘much criticism on this p point, because not having actually applied the methods SY Ss 
of the paper to practical cases he is not qualified to judge how much of this 
computation car can be saved by he use of the constants which the authors ; give. ian 
_ in Table 2, The computations of Table 1, however, are not more vveeecell a 
are necessary in the case of an ordinary arched rib. No doubt ‘there ore 


ms many cases which occur, as there are instances in the writer’s own experien 
_ where such amount of calculation is quite justifiable even on eels oie a 
n conclusion, the r hopes that it will be possible to the 


of empirical figures and cndsideeahlé more use made of ‘the Theorem of oo 
Moments in the design of continuous structures in reinforced concrete and 
steel, thus enabling fuller advantage to be taken of the strength characteristics 
sist 
Dericxson,* M. Am. Soo. O. 5 E. (by letter) interesting 


"paper is a notable contribution to the subject of structural mechanics. 
offers the most expeditious method of which the writer is aware for the s solution 
of a of problem which arises in structural engineering and 
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_ the outer span.” 


BEAMS 


pertains to reinforced concrete been his experience 
that too often methods have been used in determining the bending - moments 
— reinforced concrete beams, which do not even approximately relate to actual ; 


_ conditions, and the convenient coefficients of the building codes and reports — 
eres to spans and loadings for which 1 they were never intended. . This his. 


may be ascribed to the lack of time necessary . , for the. proper computations, or 


| to,ignorance of the principles involved, either or men of ny have no doubt 

wasted many a dollar and probably will ¢ continue ‘This paper ‘pre- 

sents methods, the applications of which are; so as s compared with 


am of the better known ways of computation that it should have a beneficial — 
The writer appreciates the paper and like Oliver Twist would ask for more. 
In Section 9 * “Application to Indeterminate Frames, it is stated: 


structure o or is a small correction | 
Nae must be introduced on account of the slight lateral displacement of the middle © 


span; this a to a yielding of supports 


An of the involy ed in Section “Application to. 


i. The ends of the columns, dy ig hy are neither free nor fixed and the same 
to the ends of the ‘and l,; accordingly, it would seem that there 
o- be some uncertainty as to the values to be used for the lengths of the 
respective’ > members i in computing the x nomin inal lk le ngth of. the imaginary beam 
which’ is to be substituted for the actual members located at the ends of the 


under consideration. be to know whet allow- 
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a WILSON ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 


2. or the effect of the floor- 
tion, that is, what flange width should be use ed. 
In the application of the principles of Section 17 toa reinforced gonerete 
‘structure, it would be of value to o know what the authors wo ou 
# the modulus of elasticity, or if such a value may not be stated directly, how 
may an equivalent value be f Se: 
Quoting from a widely used che’ moments in 


beams, “the “exact of the ‘maximum bending moments at 


This strengthens student i in n his to give » the subject : as 

_ consideration as it merits. The increasing tendency toward introducing busis 

courses into the curricula of engineering colleges is another factor that 

- militates against the allowance of reasonable time for the study of continuous ee 
beams and indeterminate frames. Accordingly, it is most gratifying to 


paper available for in class work. 


M. M. Am. Soc. C. (by letter) —For statically 


indeterminate flexural members the authore have presented some interesting — ie 
_ graphical methods which they y claim are much simpler than those previously — 
available. In considering the relative merits of two the writer has 

: observed that one ’s own “child” is invariably a favorite; also that a graphical — 
method appeals to one type of mind whereas an algebraic ‘method appeals to 
other types. Moreover, a method—even one that is Tapid when completely 
-mastered—only results in delay if the successive steps must be reviewed each 
time it is applied. _ The writer believes that the algebraic methods available 
f are as short as the graphical method presented by the authors, that they have 
as great 1 a range of application, and that they can be reviewed ; more iglikty— 
of disuse. Moreover, do not, as implied by the authors, — 


ends and to loads, the moment at the ends is 
up up of two parts, (1) that resulting from the movement, rotation, or transla- ae ‘ 
tion of one end. relative to > the other; and (2) that resulting from the loads 
if the ends were fixed. I; as the second part is independent | of the 


e member forms a part, its value having a, 
nce been obtained each of the many types ¢ of loadings | is, thenceforth, 


For the comparison with the authors’ graphical methods some 
a oft tthe ox cases 1 treated d analytically b by the  writert | and others will be noted briefly. 
and nomenclature for these are as follows: 


= distance from End A of a member to a load. Wy RE 


* Research Prof., Structural Eng.. Univ of Illinois, Urbana, 
2» + Bulletin 108, Eng. Experiment Station, Univ of Illinois, by W. M. Wilson, F. E. Richart, 


Camillo Weiss ; “Stresses in Framed Structures,” by Hool ant — Pp. 
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= vertical height of a structure. nesting 


&: error in the resisting moment due to of the shearing strain, 

= change i in the rate of loading in a unit distance, Ad 
ratio of K of the top ) member tok of ‘the hand column for 
= = ratio of K of the top member to K the bottom member fora 

Ue aly Ye s= natin ot K of the top member to K of the right- -hand column for a 
load per r unit of length (variable). baa, 


Boe = resisting moment at End A of a member, AB, fixed at bi both ends a 
and having both ends at the same level. div 
= modulus of elasticity in tension and compression. 


= area of the moment diagram of a simple beam. At hovel / 


4= 22 2 (pns + ps + ne + (p*s ps 


Ha = ‘weeing moment ¢ at End A of a member, AB, fixed at A and F q 

hinged : at B and | having both ends at the same level. 
I = moment of inertia of section of a member, (a 
£ = ratio of moment of inertia of section to length « of a member, —— 
Map = = resisting moment acting at the end, A, of a member, ABS 
Mpa = resisting moment acting at the end, B, of a member, AB. 
P =, concentrated load. 7 laitusrttih Yo seu adi 
2 oar R= = ratio of the deflection of one end of a member (with respect § ,. 
to the other end) to ‘the | length of the ‘member. tp 
W = total distributed load on a member. toatt 
= + 2pn + 2n + 3p, for a symmetrical four- sided frame. 
= 6n+p for a symmetrical four-sided frame. ow! lo 


to 4+ ‘n)- + 6 (n®s + ns? + p), for a 
= Ens (4 4+ 89g 449%) + (+ 8) - (n? “43 n)] 
f cote - change in the slope of the tangent to the elastic curve of a mem- * 


4 The si quantities ones in | the are | by the fol- 


D AND CON B Ss 
AND CONTIMUCUB RRAMB 
— 
— 
the 
con 
4 whi 
whi 
con 
mol 
| 
ja 


(1) Ois positive (+ +) when the : tangent to the elastic curve is turned in a Ae 


(2) Ris ‘positive (+) when the is deflected i in a clockwise di + 
(8) The moment of the internal stresses on is positive (4) 

_ the internal couple acts in a clockwise direction — the part of the member a 


@) ‘If the moment of the external forces « on n the or about the end at 


“constant is minus | (): ; if the moment of the e external Sites about the end at 

which the moment is to be determined is negative (—), the sign before the © as 
a constant is (+). "e With the external forces acting downward, (Fig. 46) for the olay 
a moment at A, C4p and Hyp are preceded by a minus (—) sign, but for ‘the — 


at 
The moment at the of ‘Cie. is ations 
4 2EK (2 04 + — -3 R) + Cap 
‘The symbol, C, ‘ettieate the moment that would be produced by: the | 
if the ends of the member were fixed, C4p being the moment at End A and ae 
‘ E na ¥ being | the moment at End B. It is sometimes desirable for algebraic con 


‘eles to introduce the shoment produced by the given loads at the fixed 
of a beam ‘that i is fixed side one end and at the other. This moment 


Table be being for symmetrical | about of thet member. 
mt The analyses of indeterminate structures consist of the derivation of Heng 3 


‘thas for the moments in statically indeterminate flexural | members by the 
application of Equations (30) to (33) and the s ubstitution of | the values of ‘s 


: = and H. It is unnecessary to reproduce the derivation of these equations. ag be ; 

; ie Equation of Three Moments for the continuous 8 girder « of ‘Fig. 47 is: 
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4 
Equation (34) is applicable to any “two sapien intermediate spans of any 
"continuous girder having supports on the ‘same level, no matter what the type 
of f loading, length of f span, or value of I, , 80 long as oe does not vary between 


the The symbol, represents —- for the right-hand span divided by 


eft-hand span. sh should noted that quantities corresponding 
.” ee to n and H must be computed i in connection w with the authors’ thors’ graphical method — g 
the diagrams can be constructed. With these quantities known, 4 
Equation (84) takes the form, ax by +a = K, in which, a, b, ¢, and 

are ‘numerical quantities. A similar equation can be written for pair a 
- a : adjacent spans and the values of the moments obtained by a process of 4 


- 
a Equation of Three Moments ules a somewhat different form when 


applied to two adjacent spans at one end of a girder, depending on the con-| 4 


for the 1 


eS dition ¢ of restraint at the ends; it is ‘still further modified if the supports are 


not | on the “same level. Fe _ Forms of the Equation of Three Moments covering 
all ‘possible combinations of loading, length of span, ‘restraint of ends, settle- 


"ment of and changes in the ‘moments of i inertia ‘at at the supports id 
being given in Tables 3 and 4. first term of the right-k -hand member of 


a. these equations is zero in all cases if the supports are on the same level. "These a 
equations make possible the | solution of any problem in continuous | girders 
= except those involving members ‘the I of which varies between supports. These ; 
latter problems could also be solved in a manner ‘similar to that used by the in 
authors, ‘substituting algebraic for graphic | solution of the e ‘equations. 
ry ied of the Engineering Experiment Station of the University g 
of Illinois, previously mentioned, contains equations giving directly the 
moment at each support of girders continuous over three supports and also | * 
for those continuous o over four supports, the equations being | applicable for BS 
7 x al possible cases except that in which the I varies between supports. For 


girders continuous over more than four supports it is more convenient to 
: a ee. rite the Equation of Three Moments for each pair of adjacent spans, eub-_ 
stituting the numerical values for the constants, and n, and solving the 
resulting numerical equations by a process of elimination. 


s authors have treated the two- “legged rectangular bent t carrying a 
tical load on the top by substituting an “equivalent: 
gir rder. This method can be used only when the bent and loading are are 


metrical about vertical « center line (Fig. 48), for which, a 


4 oe _ Certainly this solution is shorter than the graphical construction given by 5 
authors (Fig. 16), especially since quantities Cap and 
a must before graphical construction is begu u The algebraic 
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4 (88)... for right hand span ; ‘for left-hand span 
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me sthod ens the ‘additional advantage that it can applied when both the 


Ul 
ne : If the column base's are ‘fixed and the bent and loading are symmetrical 


r line (the case acme by the e authors), 1 


Oa =—. The eq equations for the moments then become 
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Ma B= Cpa Q0ns + + Cap (il ns +28 4+2n) 


0 


Cpa 4+ +28) + Cap (10 + ny 


Oe Bns—n? (46) 


Cpa Sn nf te 3 8) + Cap — 28+ 


ci Bull letin 108 of the Engineering | Experiment Station of the University of 
3 "Illinois, previously ‘mentioned, also contains the treatment of the 
many other conditions, such as horizontal loads on one or both legs, couples : at 


Bs one or both upper corners, , and settlement, ‘spread, and rotation of foundation 


- also contains analyses of many ‘similar structures not treated in the paper. 


*. _ The writer welcomes the authors’ contribution to American literature on rae 
ia analysis of statically indeterminate structures because it gives publicity 


jeu 


“to a phase ‘of structural engineering that too long has | been sli ghted in the 


United States. discussing the use of economic, statically indeterminate 


structures ab broat , the authors | state (page 2): 
* * but the. development of the class of structures in the United 


‘States Pleas” to have been retarded by a prevailing impression that the re- at 
quired analysis is involved and tedious. The deterring influence of such an ze 
impression is generally under-estimated.” fs to. fav bon 


he 


. e writer is in complete accord with ‘this. statement. Too many er- 
- foan engineers prefer to nd $10 for construction die | in order to avoid 


r, ‘spending $1 for engineering work. And they wonder » why engineers are poor orly 
paid! So long as stress analysis is limited to the selection of data from a hand- 


3 book, it will be on a a plane with clerical work and the computer will receive, 
 clerk’s pay. The Medical Profession has pretty well rid itself of 


on quack with his pills for all diseases and it is time that the Engineering ee 


_ Profession rids itself « of the “handbook artist” with coefficients for all. con 


The term, “statically 3 indeterminate, - has been too long the “ghost i in the Sha 
| graveyard” that frightens the student of structural engineering, but it is ‘really 
nothing to frightesi any one willing to do real “honest-to- goodness” studying. 


From statics to the analysis of statically indeterminate structures sis 


step to the student + who thoroughly understands statics. It probably takes 


Magee to master the theory and it certainly tak takes longer to work ‘numerical % a 


problems, but the individual steps are no ) greater; it is simply the differecice ae 
between plowing a little field and plowing a big 


The great amount of ‘literature that is now being published, the large 
mount of time that the « engineering schools are giving to the subject, and — ay , 
the extent to which practicing designers are using ‘statically indeterminsto 
structures and are computing secondary ry stresses, are evidence that the Amer- APs 


ican engineer is becoming more and more conyinced of the value of a careful — ey 
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M Correx,* * Assoc. M. 
thea authors have presented, in the technical of the day andasa 


: comprehensive whole, the essential features of methods of analysis which here- | 
 tofore have been available only in ra rather fragmentary and not r readily acces: 
' - sible ; form, they have performed a great ; service to the bulk of the profession, 


one that will undoubtedly -Teceive its due appreciation. yh “Oste 
ie aes ‘There is, however, nothing essentially new in the final applied methods of ‘This 
analysis. Some old things are treated to new names, come established things ‘vious! 
.2¥ without name or explanation, ar and the true major premise is proved this f 
aia a secondary consequence. In the writer’s opinion, these substitutions an to va 
‘Te- arrangements hav e been to the detriment of oO! f both theory and presentation, with 
it would have been better ‘for the authors toh have accepted principles here- ‘ture | 
 tofore developed that were available for their purposes. The ultim: ate result 
— would _: been the same, ana the development of it much more direct anil _ move 


iven a certain only theory or ‘explanation given is that they ; 
- represent the ‘ “influence of the applied loading” ys" which i is a ‘somewhat indefinite 34 
_ Statement i in view o of the fact ‘that they appear to be be the really essential element 
~ in the whole } plan. Rey Considerable space is devoted to the proof for the location — 
and value of of the point, oe _y | all of which i is predicated o on the properties } of the 
and V. ‘The ‘pennant diagram” , in turn, has the point, an 
_ essential element. Again, in the proof of the construction for the ‘ “conjugate i _ from 


points” the properties assigned to the U and V-points are essential to the beam 


assigned to the points are correct. | Beeause of the evident importance tion 


and it might be said that, this i is ‘really a proof that prop- 


4 of these points, and the fact that they r must possess certain definite properties 
J — aeies to satisfy the authors’ whole theory, the explanation given for them § trial 


ise decidedly inadequate. It would be interesting to know what ‘suggested these ia is me 
points and their properties to the authors, how their function may extr 


be defined, as related to the | other parts of the theory. 


= are nothing than Fidler’s ‘ points”. were an 
A ae original discovery of Fidler and the basis of his method of analysis, which in 


the writer's opinion is one of the really great contributions to the technique 

of engineering design.+ In view of | the publicity and the mor 10re Or le current 
of the method, it is quite remarkable that the authors should have devel- 
oped the identical points in their method, without ever suspecting that their 

bas Engr., Oakland-Alameda Estuary Tube, Alameda Oounty : Project,’ Oakland, 

Detatled descriptions and proofs of the method were published in Minutes of Proceed- a el 


 gngs, Inst., C. E., Vol. 74, 1883, p. 196, and in a “Practical Treatise on Bridge Construction,” 
by T. Claxton Fidler. — The method has since been treated by various writers, and was 
abstracted in a entitled “Graphical and ig of * by F. E. 
ee Assoc. M. Soc. C W. M. ‘Wilson, . Am, Soc. C. Engineering and 
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COTTEN ON MOMENTS IN RESTRAINED AN 
discovery. had ‘been forty years, cand that instead of the 


mere. U and V 


points’ 
point of con f contact be between the have 


is the “pennant diagram’ which has heretofore been known : os 
“Ostenfeld’s auxiliary diagram” » as used i in connection with ‘Fidler’s me method. 
‘This diagram is described in the paper. | by Messrs. Richart and ‘Wilson ore 
viously r referred to, who state in a footnote e that “Professor | Ostenfeld devised oe “ 


this form of diagram i { 44 making a very general application of Fidler’s method ee 


to various forms of continuous beams.” _ The “pennant diagram” is identical pe a 
“with Ostenfeld’s, 8, both in appearance and function. The only | point of depar- 
is. that under the latter name it was regarded as an adjunct toa 
‘major prineiple, whereas under the name of “pennant ’ it becomes a a “prime Pica 


mover”, since it (with a little assistance from the U and V-points) | determines e 


gram determines these s same points, by what name if any, the y writer » doe not 

know, but as a consequence and not as cause, tot bag, 


7% It will be seen ‘that i in all essentials ‘the authors’ apolied method is identical ae 
with that of ‘Fidler plus. Ostenfeld ; the | difference - being that the authors start eae: 

with the effect, and, casually acquiring the “ ‘characteristic points”, all 
unknown as such, at some stage of the process, prove the cause in of 


’ 


and 2, 80 to. speak, whereas, in Fidler’s theory, this process is reversed, 


definition, Fidler’s “characteristic points” are such that the ‘distance 
~ from the points to the moment « closing line is a -famation of the slope of the 
beam at the support, and this he proved to hold true for the points when ioe - te 
located according to the principles developed. is Having these points, the solu- 
of the problem consists simply in ‘closing lines” that 
a“ satisfy the requirements for distance from the points. This can be done b 
— trial with relative ease if no other means are re presented; ‘that is, the solutio 
3 ia not dependent on “pennant diagrams”, “conjugate points”, or any other 
extraneous conception. Of course, direct solution is preferable to one by 
trial, and this s Ostenfeld’s diagram provides. it is, however, nothing but “he 
- special form of an auxiliary geometrical construction that locates a “conju- — 
gate” point through which any line passing will satisfy the conditions imposed 
_ by Fidler’s points. The same definite result -1 may be accomplished by several 


other constructions, one of which will be given Subsequently. Certainly, the 


conception o of conjugate points is in no way ‘essential to the for the 


“conjugate points” on which the whole m method hinges. Ostenfeld’s dia- 


| __ writer has been using them for several years without ever being impressed — 


ou with the fact that they required a ne name and theory to. to su pport them. . The 

e: purpose was equally well served when en they were merely auxiliary points on the © 

re In general, it pat 6a to the | writer that the authors’ method of analysis is 

| a clear case of “the tail wagging the dog”; that Fidler’s Points, by whatever 

= name tl the authors may call them, are necessarily the the actuating ~~ cgay er 
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COTTEN ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 
prove the correctness of the points. Furthermore, Fidler’s points are The 

adopted as the | fundamental argument, there is available ut once a definite, the 
tangible, and self-sufficient law, which, if ressed in ‘its: general terms, require 
applies without change to all the cases that the authors have considered. Also, portior 


- as will be shown, the ‘conception of the “characteristic points” leads directly 
—e to some very } material short cuts, as compared with the authors’ methods. It js 
a these reasons that the writer believes t the purpose of the paper would have 
been better served had the authors informed themselves of Fidler’s principle: 


& used t them as the f foundation. This would have detracted nothing from ow 
value and timeliness of the p paper, for the strangest thing about F ‘idler’s 
method, in view of its excellence, antiquity, and rather broad publication, is of the 
80 so few w engineers: (relatively) are acquainted with it. Furthermore, the me 
original material i is generally difficult to obtain and to digest because of the that i 
E ty peculiar form | in which the subject is presented. — Also , as far | as the wri tunate 
is aware, the method has never been carried to its Yogical' and final develop preher 
ment. Therefore, there was a real need for a paper such as the authors have 
- presented, and this is in no wise diminished by the fact that the presentation tion 


these 


Another peculiar coincidence as to methods and ‘results is to be found 
tables of ‘constants (Section 14*), for cases of varying "moments a 
—_— ia inertia. A very comprehensive set of tables of identical form, but different 
oe values, has been prepared and published by A. Strassner,t who developed a 
system quite different from that of Fidler. Superficially, there would appear 
to be no connection between the ideas and ‘no possibility of using Strassner’s 
i. a ae tables in connection with Fidler’s method. Certainly, Strassner himself indi- 
aa Cates no such possibility; but due to the ingenuity of Walter Ruppel, Assoe. | 
Am. Soc. E, assisted by Herman Schorer, Assoc. M. Am. Soc. O. 
pee, ee = both of whom were then (middle of 1924) associated with the writer on some 
= rather intricate design, i it was discovered that Strassner’s tables. could be 
ir "3 adapted with relative ease to give the heights and lateral positions of Fidler’s” 
“characteristic points”. Incidentally, these tables also give the fixing moments 
“a at the ends of the beam, as required i in the solution of problems by the slope 
deflection method. Mr. Ruppel worked out a | complete : set of formulas for 
aa transposing Strassner’s tabular values into the quantities required i in Fidler's- 


or the slope-deflection method, an entirely original and very creditable 


would involve little of true originality or novelty. = 


gy return to the aforementioned similarity, the two tables aren 


di 
a - authors are identical in form, and even to ‘interval of the : arguments, with 
certain of Strassner’s tables. The quantities which the authors denote a8 u 


az a and m, Strassner lists as, say, rand idee: the values are not alike. As Mr. 

-Ruppel discovered, however, u = and this is. 

fied the authors’ tables even to the last place. The series 


im 
coincidences represented here is little short of marvellous. 
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87 
The | authors refer very casually to the preparation of these tables, but wy 
the writer has no desire to undertake such a task. _ The time and. effort - 


required for original ‘computations would be appalling, and of all pro- 
portion to their value to the individeal engineer. An alternative 
would be to accept _Strassner’s tables and modify them -aceording to Mr. 
Ruppel’s findings, which in itself is no Fortunately, 
Ruppel has done this work and has presented it in his. discussion ssion of the p: paper,* ee 

so that each engineer will not t be faced with the painful necessity of preparing ee as 
his own | original tables, as “suggested by the authors. 
Fidler’s Method Needs Explanation —As the writer has ‘intimated, he 

of the opinion that Fidler’s Method of Characteristic Points is the inh peer of * * 

all methods for treating moments in restrained and continuous beams, and 
“that it deserves a wider publicity and understanding than it now has. Valor 
tunately, as far as the writer is aware, there is no really acceptable dad com- : oe 
“pre prehensible treatment of the subject to which those interested might be referred. ; 
“There are Fidler’s own writings, of course, but these are © not in 5 current t circula- 

tion and therefore are dif difficult, to Although the writer has not read 
hag books and. 80 cannot speak fr om. personal knowledge, he is informed, sir 

by en engineers well qualified 1 to > judge, that the subject is there presented in such 

8 peculiar and awkward manner as to be ‘unnecessarily ‘difficult to follow and Fr) 
“digest. F urthermore, Fidler did i not carry the development of his formulas é ie 
methods to cover conditions which now obtain in structural design, 
that judging from his own treatment the method ‘might be thought inade- 
“quate to meet the complex requirements of to-day. . Aside from Fidler’s sown 


the discussions of the subject, within the s knowledge, are 


The 


“only 0 one that has come to ‘the w writer’ 8 personal attention is s the brief 
a 


"present-day uses, ott io soitoaut 4, ai cmad Yo ebay 
‘Using Fidler’s fundamental proposition as the argument, the writer h 

_ expanded his method to include the most general cases, and has shown ey a 
basic equation | controls throughout in unchanged form. In view of the 


situation as outlined , it seems appropriate to give here a oumplete description 4 


2 of this s development. . It is hoped that the presentation will succeed in demon- — 


- strating the inherent simplicity and excellence of Fidler’s Method of Charac- & 


- teristic Points, and of making this method more generally available to the ae 

In 80 far as the writer is personally concerned, this < discussion and the 
"method of development i is ‘entirely 7 original, but no claim i is laid to the funda- 


t 
‘mental ideas on which it is based. — As far as he is aware, Fidler’s 1 method has 


Ssopeioarniy been developed to cover the more complex cases herein treated, — 
_ in which case the presentation will be fully justified. In any event it is certain 


| that these broader of the method are not 


we 
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Definitions and Conditiede for Fidler’s “Characteristic Points.’ "Before i 
entering on the general equations: ‘relating ‘to the “characteristic points”, it 

ct will be advisable to discuss their more evident and tangible properties, | particu: J 
a Sees larly since fundamentally there is nothing to indicate the existence of such 
5 ee points, and the demonstration that they do exist must take the form of proving 
4 a ie ene that properties observed for specific cases are also of general application. The 
conception of the characteristic | point, in a general sense, is a mere hypothesig, 
xe and it must be demonstrated that this hypothesis is, in fact, a statement of the 


3 
=] 
Qu. 


% : — In a bending moment diagram, let the line connecting the plotted moments 
over the ) supports be called the m moment closing line. Then, the “character: 
‘a istic point” may ay be defined asa point such that the vertical intercept between 
. Bs ee the point and the moment closing line is a measure of and proportional to the 
slope of the beam over the Support, ill 
By the 8 slope. of the beam at or over the ‘supports is m meant 


dad? in the direction of ‘the elastic “curve due to the stress in ae <a 
When the end of a beam is 3 fully re restrained, or “fixed,” ‘this angular cl change 
by definition. Since the vertical the characteristie 
point and the moment closing line is proportional to the angular change at a 
end of the beam, and since this angular change is zero when the end is fix 
the: distance from the point to the line must also be zero; that is, the point lies 
3 en the line for this condition. = Since, in general, the slopes at the two ends 
ne of the beam may be different, it is evident that there must be o one characteristic 
ae point for each end of the ‘Wael By definition, then, these two characteristie. 
i‘ points will lie on the moment closing line when the two ends of the beam are 
fixed. That this conception has an ‘important bearing on the practical appli 
ie ‘eation of the method will be shown subsequently. a Likewise, by definition! 
se pa considering the same | beam under the same loading, but fixed at one é end only 
and freely supported at the other, the characteristic point corresponding to 
ert the fixed end must lie on the moment closing line. The tendency to angular 
a change at the ends of a beam i is a function of both the loading a and the prop 
erties of the beam itself, and since the position of the. characteristic | point is a 


_ function of the angular change this position must likewise | be a function of 


¥ 


ai the loading and beam properties. Keeping the beam. and loading constant, it 

E.. appears probable that, corresponding to the end of the beam considered fixed, 

& _ there will be a characteristic point common to the two conditions « considered. 


3, re If 80, it follows that this point must lie at the intersection of the corresponding 
a moment closing lines. In fact, if there is a characteristic point, it can be 
ee | nowhere, else since no other position would satisfy the conditions. ‘imposed. 


“san Consider now a beam of constant F I, with its ends fixed, and under uni- : A 

rs orm load. The end moments are 


one end only is fixed the bety 

moment. is or 5 times the preceding value; The moment diagrams, 


are shown in Fig. 51, for negative moments only. ord sends 


- The line, B’ C’, is the moment closing line when the beam is fixed at both @ 


for which, let M’ = =M’= =1. B C”, are the corres: 
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Me Corren on. IN RESTRAINED AND CONTINUOUS BEAMS 


ponding lines when the beam is fixed alternately at t the. one end and simply 
xprorted at the other, f for which, M Y or M” =1. 5. It is evident th that the line, 
£ C, intersects | the line, B 0”, at a point, V, which by Proportion is aed 


-- Likewise, U is a point Da distant from 


more, it will be observed that the points, U0 and V, are in the : same vertical 


‘as the centers of gravity of the corresponding triangular end moment 
areas. Also, when I is constant, the ——-areas corresponding ot 


two end moments are likewise triangular, and their centers of gravity lie on 


ose of the M-areas; ; therefore, i in the case « considered, f 


on the same verticals as the points, U and V, = satisfy the conditions i im- 
x sed for characteristic 


Be: From the foregoing, certain general conditions have been established v which Par Ta 


rm 


the characteristic points ‘must satisfy, and characteristic points have been 
q established to satisfy a specific condition. _ Since there can necessarily be only — g: 
one position of each characteristic point corresponding to a certain beam and aa 
-Joading, it follows that, if the hypothesis regarding the p points i is true, ‘the ; gen- ee. 
oot case must conform to the specific facts developed. It remains to demon- — Sy 


_ Strate that such is the case ; that a point located on the ‘moment « closing line, Me ns, 


% ing to one end of the beam, satisfies the definition of ‘the characteristic i. 


Notation Theorems. _The herein will be the same as that used 


ly the authors, with the ; additions noted. Iti is assumed, unless otherwise stated, oe ? 
that the beam supports are at the same elevation and that the beam is horizontal. vce 


_ Also, that the moment diagrams are plotted with respect to a horizontal line al 
_ between | supports, which line will be called the “moment reference line” (some- 2A 
times called the “M. R. L is also assumed that both po: positive and nega- 


_ tive moments will be plotted normal to and above this line, as customary. See 
Let l = the span of the the beam, center to center of supports. 


= the left point, its | above the m moment 1 Tef- 
erence line 


i 

a 

— 

— 

= 

— 

— 

f= 

- 

— 

— 

"a 

i 

— 

— 

L — 

a 

— 


oN ‘MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 

most V = the right ch characteristic ; point, oF its height above the moment ref- 

> na Td th 

ov and Vv’ = points on the moment closing line, vertically ‘ghove U and V, 


(It will be observed that U and V are the particn- 
lar values of U’ and when the moment closing line is that fo 
the beam completely fixed at both ends.) The “moment closing 
Tine” will ‘sometimes be abbreviated to M. 
= the vertical distance from thio moment closing line to the left char. Pr 


3 


x 


>, 


= the restraining moment at the left support. = J 


M’ = the restraining moment at the right support. (Restraining mo 
ments will also be referred to as negative moments. dina a oft 0 


q 
= the area of the ——- corresponding the actual load, 
whey beam being considered as sim simply W 
stant, AY = Er in which, A equals the area of the M-diagram. 


A’ ite = the area of the - diagram corresponding to a negative moment, 


applied at the left “end, beam being considered 

ate = the same as A’, except 1 that M= = 1is is applied at at the right end. 7. 


— the tongues, if ‘Li is chewed in feet, ney M in foot- -pounds, then Bi is in 


 poun per square foot and I is in feet to the fourth power.) 
a = the horizontal distance from the left support, tot the center of 


_ Stavity of A’ slant of Ti dart it 
= the horizontal distance from the left ata to the center of 
== the slope of the beam at the left support. US 


_. &” == the slope of the beam at the right support: (By slope of beam is 


. meant the angle, expressed i in radians, through which the new 


is ee ite eh a tral axis is turned due to the stress in the beam, and is here 


considered as the angle which the tangent to the elastic curve 


the angle between the tangents ‘to any two points on the elasti¢ 


D the deflection of of loli? ‘the elastic curve wi with to the 
pos ition of the point in the unstressed beam; that i is, the vertical 


ban dis lacement of the int due to stress. 
y= e vertica istance tween a point on the curve 
tangent to any other point on the curve, — 
e following theorems: are use as the basis of ‘the subsequent demon- 


j 


— — — 

— 
— are he 
Ameri 
— 

im 

| 
4 
horizc 
consi¢ 
j 
a 
the re 
q 
is th 
span 
¥ (+) ’ 
the 
whic 
q 
the 
Vis 


— 


8. 


3 


NTS IN RESTRAINED AND CONTINUOUS BEAMS : 


here given because they have not or used in 


American textbooks ; byngia are given in one group for ease of reference, and 
‘Theorem No. L 1.—The 6, between ‘the tangents to two points on 
the elastic curve, is the ‘between the points. Let the E -area 


‘between the points be called a. Then; @ = 
Proof: This is simply a modified d form ¢ of the usual integral expression ¢ as 
Given in practically » any text on the mechanics of ‘materials, in the form of os 


Theorem No. 2.— —The vertical of any ‘point, c, on the 
habiatte curve with respect to the tangent at any other point, b, is the statical z 
moment of the — "area between the points, taken about = point, c. That 


Theorem No. 3. —The angle, | which | the curve with the 
horizontal at ‘the support i is the: reaction at that support: when the | beam is 
considered as a simple span supporting the —— - area treated as a load. 


: (See Fig. 52.) _ Given a loaded beam, ‘BO, the angle at B is ¢ aes a 
m Theorem 2 the of Cc with respect the tangent at B 


is, if the distance of c from 


distance f from ¢ to the contro of vity of 


“ 


For proof, if any is required, see Church’s 8 hanics s of Materials. 
t See Church’s “Mechanics of 
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1 
— 
= 
— 
and fro 
¢ L sion 7 

aS 
— 
from Theorem No. 3. Frm 
ie diagram. tne denection. J. at c= Distance c ¢— Distance e f—Distance cf; 


corres ow MOMR? MENTS IN RESTR AND 


sins 
e 


phe’ Distance ef = and from ‘ Theorem No. 2, Distance ef = az. Th 


wy 

D= — az, and since ¢ i is the rea action at B, this is the expression 

for the moment at c ‘when the beam is loaded with the 


ae” a 


pi 


abt 


We. he at t the left support, B of a due’ to 
= o certain moment, M, applied at the right support, ¢ C, is equal to the angle, 


at C, when the same M is applied at B. odT--8 


root: ‘Consider the A’ ‘The at i thy? is equal 


since M=1 by definition, and z is measured from the left support, 
Corresponding to any value of there is some particular value of J. Accord- 
ingly, may be regarded 9, of as f (2). Then, 
and from Theorem No. 2 the displacement of B with Tespect to 0 the tee at 


now the - area, A’ i. The ‘moment at any point is 


The ment 


4 
— tak 
— 
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but the angle at B equals 


Equation (49) is identical with Pquation n (48), except as to sign, due to change 
limits. Therefore, =— —¢ when the moment, M = = l,is alternately 


General Proof of the Theorem of ‘Characteristic Consider abeam 
of such character that is a variable throughout. The ends are restrained 4 
by the moments, M’ and The values of A’ and A” are different; and 


be assumed as represented in Fig. 53. This drawing is ‘purely diagram- — 


aa are apparently ‘unrelated and ma may vary over wide limits. « conditions 
4 


matic ¢ and no attempt is made at ‘consistency. if he areas, A°, A’ and A”, may 
take practically ‘iets depending on the shape of the member and “the a 


| loading. The magnitude of the negative - loadings is A’ M’ ai dA” ag a. 4 
and the lateral position of the centers of g of these areas is the same 


for A’ and A”. These negative areas may be regarded as upward loads, and 


hence are shown below the line, opposite the positive — - area. he FE 


eaoitaups 

HE 


x 

j ; lrogh 


ort. 3 


From the geometry of 


} 

{ 

a 
48), 

(2) 


7 4 These are the four fundamental equations dee the following ‘demonstra: 


proof that the ‘theorem of characteristic points applies to the general 
ease i is necessarily | quite involved and ‘peculiar. ‘It is ; described in some detail, 
otherwise the of four steps that are ‘Tequired will 
ee ae —It will be assumed wus the theorem of “characteristic points” is still 
only a hypothesis, and that there are only those e indications relative to the 
which have 80 far been developed i in this discussion. will be further 
assumed that the hypothesis i is true, and that the 1 points will lie on the moment 


closing line as for completely fixed ends, and vertically above the center of 


= 


gravity of the areas, A’ and A”, respectively, as heretofore indicated. 
. =a —A value will be found for the height of each characteristic point t for 


hee, specific case that will permit this determination, — If the theorem is true, 
Fa &: ‘ these values must be the true values, since each tied can have only one value 
given conditions of beam and load. to odd 


(8).—The vabses ‘as found will then be assumed to be true, and be sub- 


ae tivated ta a | specific case involving both, which will lead to an identity 


mg _ between apparently unlike quantities, and to a va aluable proportional relation- 


the characteristic points a are tru. 


ae (4) —Assuming that the findings wider Step (2) are true, Step (3) per- 3 


e = its 3 the substitution of terms in the original equations which puts them into 


i the same me form as those » developed under Step (2). A ‘comparison ¢ of these . 


an equations demonstrates that the required conditions for the characteristic point 
are satisfied. s Therefore, the assumptions which led to this conclusion are 


efor 
verified, and the properties, as accepted tentatively for | ‘the characteristic 


the beam fixed at the left. ‘end sin simply at right end. 


, 
rom Equation n (62): 


ats and the left- hand term of this equation equals the right-hand | ee of a 4 


2 “which be as true. if It is not subject to pro oof at this 
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Pe panies. now, the conditions as to end | supports reversed, in which case, — ae 
both ¢” and M’ ‘are equal to zero, and, from Equation (51), 


from which, by Equation (58), 


which also will be tentatively accepted as ste 
ae To demonstrate that the values of U and V as given by Equations (56) ani . 


are true, it will be necessary to that these values ‘satisfy the gen- 

‘ oy Now, | consider the beam fixed at both ends, and assume that the values of oe a 

. Uv and Ales in Equations (56) and (59) are true for this condition also. Since ie 4 


0 from Equation (50), dividing all terms by A’ and transposing: 
| 


From Equation (52) the left- hand side is equal to U, and from Equation (56) 
first right-hand term is “also equal ‘to Therefore, the s sum of the last 


Fs two right-hand terms must equal zero, from which, multiplying these terms 

‘Substituting in Equation (50), the general equation becomes : 


ere ore, from Equations (56) and (52), 4 


4 


Equation (64) is Equation (63) divided by . by A’ to odf 


3 This that the distance from the assumed characteristic 
‘moment closing ‘funetion of and propo portional to 
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Considering now the point, Bauation (61), all term 


> 


Co 


(59) the first term of the right: hand side also Therefore, the 
each of these 


Substituting i in Equation (51), the general equation 


from Equations (59) a and (53), 


gives same pivot for the pc point, V; as ‘gion for thel 
point, U, as noted previously. The theorem of characteristic points is thereby 
Dividing both sides of Equation (62) by M” and: ‘multiplying by 


gravity of A”, is the the left end to es center of gravity 


ss of A’, Equation. (72) gives the useful principle that the areas, A’ and A”, are 


~ 


inversely proportional to the distances of ‘their centers of gravity from the 


q ae ends of the diagrams used as 0 origins of moments. This. provides 1 an easy means on t 
one : Me of finding any one of four required values when the other three are known, me 


or it provides a check on the accuracy | of the r results i if the four values ar Sed 


Es ae The foregoing relationship was determined incidentally and was predicated 


the truth o of apparently unrelated assumptions. ‘The proposition 


From Theorem No. 5, v= = ¢") when the moments, M” = = and M’ 
at the right and ends, respectively, of the beam. sie 


— 
— 
— 
[=< 
— 
4 3 
— 
7 
— 
— 
— 
(71) 
 Thei 
ente 
L shay 
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ae To recapi oe the following: facts have been demon 
‘The theorem of Fidler’s is true for all condi 


A”, 


= 
(Equation (56)), and Vn (59)), and 


on the closing line, considering the beam as fixed at 


the characteristic points and the moment closing line are: d’ 


; uation 65 uation 71)), which show that 


), are or. 


e 


struction to follow, the values of and © automatically determined. 
Their actual values, however, | are eniliipdeiae, since only their relative values eo 
‘It will be observed th that, other things: being equal, the height of the char- 


; “acteristic points i is a function of the magnitude of the load on ‘the span, re 


that their lateral position is a function of and depends solely on the 


shape of the | beam if Ei is constant. From this it will be seen that the “charac 
teristic points”? are indeed well named, being characteristic both h of the loading 


beam and of the qualities: of the beam itself. igh 


“Characte ristic Points” for Specific Conditions.—If the member is of 
varying EI, but aymanettical about its middle, x = L — 2”, and A’ = A”. 
_ The characteristic points will then be symmetrically located on the ‘span. _ If 


> 


the load is also symmetrical ‘about the center of the span, U = 


th the member i is constant E I, the are triangular and A: = 
points are on the same vertics al las the center 
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+—-area, A”, and for a like reason, is the right-end reaction of A’. — 
_ which is an independent awn from Equation 
— 
| — 
= (b) ‘These points ar b 
po e above the centers of gravity of 
4 
| 
— 
The products, A’ 2’ and A” (L A’ : 
i Be It is not required to evaluate d’ or d”, as indicated in Equations (65) oa. SA . 
) ima 
e — 
— 
f 
— 
? 
— 
| 
8 — 
1 
4 
— 
— 
e 
— 
— 


Points” for of Constant El, from the 
‘Fizes | the Mo oments.— _Except i in cases of very simple loading the determination | 
~ of the value of A, and of 2° if the load is ; unsymmetrical, would r require : acon: 
ms siderable expenditure of time and effort. Fortunately, this usually can be 4 

avoided by “utilizing the principle that the and V-points lie on the : 
closing line as for the beam with both ends fixed. Let M’ ' equal the mome 
at the left end, and M” that at the right end for this condition. Bacac 4 


— 


Most engineering handbooks contain tables of end moments for fixed | beama 


may be derived readily. AY very set such tables appears in’ 
_ “Stresses i in | Framed Structures”, Hool and Kinne, pages 3 486 to 10, inhale 
from which the ‘moments, M’ and M”, may be determined with relative om 
- for almost any type of loading. In these tables, C4g = M’ and Cpu = mM". 
This ‘suggested method « of determining U and V is predicated, of course, on 


the possession of such tables and their - application to the problem at hand, 


‘find the values of M’ and M” than to and 2, Likewise, it applies 
only when the member is of constant EI, since such tables do = oo any 

In these’ ‘tables (Hool and ‘Kinne) are also given values of Head 


he former is the moment at the left end when that end i is fixed and the 2 Hilal 


Le end simply supported ; the latter is the moment at the right end for the reverse ree 


= — and v= = — ‘pa The values 4 are the ; 


— ha Cc 
— 
to 
— 
— 
— 
74 
— 
— 
— 
— a 
— 
4 
same as those just given, of course 
gis and are somewhat easier to compute. 


5) 


— 


and ¢’ refer to the left-hand of the right-hand span, according to the 


Should such tables as described beast available, it will be necessary in a 
a all complex cases to determine the values of 4’, A”, and 2”, in order 
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to compute U and V. No great 


_ the motes will give a solution. the —- 


board, the areas may first be taken off with a planimeter; then the diagrams 


may be cut ‘out and their centers of gravity easily found by the method 2 


2 successive suspensions, giving two intersecting lines each containing \.. ae 


of gravity, which therefore will lie at the intersection. 


Graphical Application of Theorem of Characteristic Points and Ausiliary — 


‘ “Constructions —It remains to make application of the foregoing facts i in a the 


graphic cal solution of moment distribution in continuous | 

to Fig. 54, let V and U be the two characteristic points adjacent to and hl 
- opposite sides of one of the supports « of a continuous beam. Let A”, a”, and 
a refer to the right-hand properties of ‘the left-hand span, and let A da, a e 


‘ 


4 

ag The slope of the beam over the support must be common to both spans; 


=- oF vice versa with respect to sign, since one span will 
slope upward and the other downward, at the support. From Equation (71), 
A”, and from Equation (65), = d A’; but since = — 
A’ = —d A’, from which, a” : A’ d: 14". . That i is, considering the 
“two characteristic points adjacent to and on opposite sides of a support, one of Pr 
is above and the other below the moment closing line, and the | 
. between the points and the line are inversely proportional to the areas, A’ 4 
corresponding to the points. is required to develop : a 
construction that will satisfy this condition. ett figtnogl gia -etitiog oitgitaing 
In Fig. 54, let be a known point on the moment line. ‘Draw 


‘ 
a) 
— 
on 

m- 

— 

a0 

— 
se — 
— 
to 

as 

a 
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and (Because, if d” 0, d 0, and, henos, her 
but, as A’ is not zero, — d’ equals | zero. 
2 ates Draw the line, VU. It is required to establish a point on this line such 3 
= 

that any other line drawn through it will satisfy the required proportions of 


tod. It has been shown that d” is proportional to A’, and d to A”. There- 


S ax fore, SF is proportional to A’ and SG to ¥% , from which SF : A’ = FG: | 


‘+ A”, Let FG =1. ‘Then, SF= Similarl SG = 


in 


a es 28 Establish the point, S, accordingly and erect a vertical to intersect UV at the ‘g 
‘point, T, which is the required point, as above. “bia tod od dw 
edt Draw the line, HTE, which ‘satisfies the 2 requirements, since contains 
Rg = 2 the point, H, and passes through 7’. This line intersects the line, BU, in the cog 
o£ Now, the | distance, VC, is proportional to d” and EU is proportional to d; a 


also, both V C and #U are proportional to BD. &£ rom the relationships of the 
aS . triangles involved, it is ‘apparent that any other line, such as ONH, passing 


through P and H, will maintain the same swoperticnal values of d” and d 


as. those given. by line, Therefore, the point, a point on the 


_ Of all the possible lin lines may drawn through the known points, 


Fat emia P, there i is only one that will satisfy the conditions at other | points in the 
a beam. These conditions will be represented by other points, , P, one for each 


additional span. Then, “provided the degree of restraint at the outside ends ti 
oe ‘2 of the beam is “ktiown, these several P-points determine the true ‘moment i 
3 ee closing line. The ‘Testraint at the outside ends must be be known or. assumed, in om 
order to fix the starting and ending points of the diagram. th 
is believed that the method of establishing the points, s, T and P, 
A’ and A” as arguments, is the only possible me method when tl the beam ii is 
4 symmetrical and of varying EI. The customary construction, as represented 
Ostenfeld’s auxiliary diagram (the authors’ “pennant diagram”), has | 
tances only as an argument, and thus r requires the device of “transformed i 
a Fas spans” when EI is not the same for every span. As in a continuous beam n no % 


ger one one span of constant EI can be the e equivalent of a non- ‘symmetrical s panof | ¢ 

varying EI such diagrams are ‘not ‘applicable to this case. It may be ye 
: in passing that such can when the spans are of of varying 

a 

using the ir “transformed the same result can accom 


plished in a ‘more ‘simple and direct fashion. d = 


Beis, a . noteworthy feature of the foregoing method of establishing the point, 
T, with A’ and A” as the argument, is that it makes the construction « entire ely 


of the scale length of the spans. These may be laid out to any” 
distance, ‘regardless of their true relative lengths. _ Then, provided the char- 


"points are located in their true relative position on the span 
a: and that A’ and A” are proportional to the true span lengths, the construe! Pi 


“6 


. 
q 
4 
a 
— 
MWe 
| = 
| 


here, as as it is can be easily v erified by co 


‘Tet L, = the span to the left, and L, = > the span to the right of the sup- 


When EI is different for | these spans, constant throughout each, 
and A’ = 3 -. If E, = E,, as be 


L, 


taken as Since only relative 
hen EI is constant throughout each span of th the varies as 
A” varies as ad” ant vary as the spans in which | 


In case, howeve er, 


sf ae entirely general method of locating the later al position of the 7-point, is = 3 


incidental to, and all their significance from, the 
(Fidler’s characteristic) points. Also, since the “Theorem of Three 
Moments i in Simplified F orm” (Section 1t), accounted only for the P-points, — 
a. is evident that it is the 0 and V-points w which bridge the | gap between the 
oe theory and their graphical constructions. From this it appears that 
_ their failure to give : any adequate explanation fo for, or theory to support, these ket 
points was a rather important omission. mesd Be 
4 Referring again to Fig. 54, i if the known point on the moment closing Tine tes 
Bs H’, to the right of the support instead of the left, a construction similar — 


that previously described will locate the ‘Point, Q, as indicated. This is 


is the adjacent spans are an span, 
the U and V-points lie on the moment x reference line, and hence will not 


generally permit the determination of the intersections required in the fore- 
going method. modification of the construction: to suit the condition of 


‘unloaded spans will now be developed. to 


— 
ence, 
su 
— 
tains 
— 
n the — 
od; 
— 
f the — 
ing 
re 
id 
2 the — 
aired | _s Similarly, S@ = — L,, which explains the locatic on ae a = 
ends 
ment 
Method, appiled tO a specia ase. Lille Uscu Dy Wie write 
- | this method was entirely different, however, from that used by the authors i 
n ted 
— 
n of 
a — 
— 
ying — 
in Ls 
pint, — 
— 
any 
ruc — 
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Then, from the diagram i ' 
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Be: 3 already puter V Cis proportional to A’, and U EF to A”. (See Fig. 54. yi 

this deals with proportional relationships only, and voy 
ae may have any value, ve may be made equal to A’, and UE equal to A”, at 


4 


< = gol ‘These expressions for p p and q are too cumbersome for pr practical use, and the 


r purpose: can be accomplished 1 more simply than by performing the evaluation. 


es oe: be observed that the formulas contain no load terms, also, that the 4 
and q, determine the > points, J and K, respectively. This shows that 
lateral position of these latter points is independent of the load, being 


rrespective of the conditions of loading, the points, P and 0, 
se = lie vertically above, or will be coincident with, certain points, J and K, , 


ae: y for the beam without load. ‘When the points are coincident that point is tic 
: Re _ also a poin int of inflection, since the moment closing line will cross there. If i Vv 


there i is a point of inflection in an unloaded beam it will be either at K or rd, 


depending on the position of the loaded span with respect the unloaded R 
4 “span considered. unloatiod interior spans to the left ofa a span, 
d, 
They are the fixed of Ritter’s and of Strassner’s 
method, and are the principal arguments in their constructions. These points | 
3 a me of prime importance in considering moving loads or the construction of & 
; ae influence lines, and much time and labor will be saved 1 by the knowledge that R 
moment closing line always passes through certain predetermined points 


q 
hei 
a: 
In. 
| 
| 
| 
| 
— 
a ‘be 
— U, 
| 
‘ 


to the right and left of the load, irrespective of the position, _ character, and oy 


_ A graphical method will now be developed for determining the K 
is “points. Referring to Fig. 54, consider t that the load in the left- -hand span 
is removed, and that the known point, H, Ties. on ‘the ‘moment: reference line, 
7, G, as it generally will in ‘practice. _ There’ being no load in th the span the a 
“height of the characteristic points i is zero; that i is, ¢ becomes coincident with 
F, and, hence, Q with K and B with R. The situation will be as indicated ; 
in a Fig. 55 (a), the other points being determined by the method previously -. 
described. This diagram is not in any sense essential to ‘the following am, Be 
onstration, but is given to indicate the transition between the two construc-_ 


a 


tow'th that the load in the right- “hand is removed, 


; - the points, V and U. The point, 58, _ being located a as in Fig. 54, the line, 4 E, 
through this point ‘aise subtend on the above verticals the ‘required p 
tional distances, C Vand EU. As proportionate values only are 
ve may be be made de equal to . ‘A, and U equal to Draw prod ced, 


the that any y other line 1 as 30 D H, through the point, 

will maintain the same proportional distances. Therefore, the point, J, is 

point on ‘the moment closing line, since any such line through it will satisfy 

the required proportions of to d’. The point being also on the moment ref- 

"erence e line, it is the inflection point for that span. 

The point, S, is ‘not essential to the location of J. > Lay off V C= A’ eo 


H C to D, and draw D E£, intersecting BU i in the 
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tion. 
that 
mga | 
a U, become coincident with S, J, and G, respectively, and all points in both = $$$ 
it for 
ad Q, 
int is 
or J 
RU in the point, J. Then BD is proportional to V 0: also to BU. ‘As VC 
| point, J. Then is proportional to ; also 
ill be 
cance 
sner’s 
on of 
that | 
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‘It is recommended, however, / that the construction using the point, 
oa 8, be adopted, thereby r retaining the same methods throughout and also mak: 
Fit! With the exception of the manner of k locating the point, _S, the construe 
ei of Fig. 55 (b) is identical with the customary form of Ostenfeld’s auxile 
iary diagram, which shows this diagram to be applicable to the general case, 
ow w without transformation | of spans, provided the point, ‘8, ‘is | located with 4 
and A” as 3 arguments. It ‘will be observed that this diagram establishes directly 
, only the fixed point, J, but with the characteristic points as arguments, ex- 
actly ; as previously used to locate tl the point, a also, that this latter point will 
3 “wi at the intersection of a vertical through J with the line, H T, produced, or 
with the line, BU, as in Fig. 55 (a). This la latter line is not adapted to the 


os _ general construction, however, and is not recommended for use. If the known 


SP 


otherwise similar construction locates the K- “points. 
sim The construction just described possesses the m merit of baie: perfectly 
5 _ general and adapted without modification to any condition of beam and loads 


It ‘Tequires a few more lines than the construction previously described, but. 


q a has the advantage that many of t these auxiliary lines may be placed ‘entirely 
—— eataide: the principal diagram, resulting i in a minimum confusion of lines and 

points. For these reasons: the writer recommends this latter construction. 
In practice, it is evidently unnecessary to draw all the lines shown, since only 

The practical application of the foregoing is shown in Fig. 56. Although 
for purposes of illustration it was necessary to assume some particular arrange- : 
ment of loading, this | diagram i is essentially general i in its nature, being appli- 
cable in principle to beams and loadings of any kind. ar It is assumed that 
Se the left end is freely supported, and the right end fixed. The moment at the : 
left end being zero, , the moment closing line | will intersect the ‘Teference line 
“a a9 at that end. The right ‘end being fixed, ‘the moment closing line will pass 
through the adjacent characteristic point, by definition. 

arrangement of Fig. (56 was chosen so as to show in one diagram, as 
a ‘far a as s possible, instances of every situation met in such problems. _ The aux- 

iliary diagram for establishin the J-points i is shown below and separate from 
Roi the n moment diagram, for the sake of clearness. - Iti is not necessary to do this, 


‘it will generally be advisable, in to avoid a confusing jumble of 


The | in out such a diagram is, as follows: = 


ao The : moment reference and reaction lines are. drawn, ar U and 


2—The r reference line for the auxiliary diagram | is drawn » parallel t to the 


Link 


R, and vertical Hines: are ‘projected | across it f the U, V, and R- 
8—The S- “points are located on this auxiliary reference line. 


4.— -Begin ; ata point on the » auxiliary reference line 2 vertically below a knowill 4 
point on m the M. C. L. in the first span to the left. If the end i is simply sup 
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MO L. over the end support. The beam is ‘regarded as simply supported, 
but ‘subjected to a known moment at this : support, due to the cantilever. 
cantilever itself may be considered as removed. 
~ ll If the end is fixed, the point of beginning will lie vertically beneath the 
characteristic point adjacent to o that end. 
_ If the end is restrained, but in unknown dagres,, the relative fixity may 
be assumed, in the judgment of f the | designer, and | a corresponding point lo 
cated on on the assumed M. CO. L. above the support. Note, however, that it is 
_* thing to assume @ degree of fixity, and another to obtain it. Such pre 
cedure is pure guesswork, which at best can only rou; ghly approximate the 
ay . _ truth, and may be nowhere near it. - Such assumption is only warranted when 
point of beginning having been established, the J -points al 
located for each span in succession, by the diagrams as indicated. It has been 
shown that it the J- -points are either on the m moment closing line or vertically 
= te + below the points, P, which are on that line. - Therefore, each 8 successive dia- 
gram begins at the last J-point established. — 
that to establish Points P’ on the M. ©. L. only, it is sufficient to 
: Aug begin the auxiliary diagrams vertically below aa known point on the M. CO. L 


These points, however, will not be vertically above the “fixed points”, J, 


—Draw the lines i in 1 the moment diagram connecting the and 

» 
-6.—From the known point, P, on ‘the left draw a the 

- T-point to the right, for the corresponding span. The intersection of this 
line with a vertical produced from the Corresponding J- point, determines 
a another point, Pp. _ Beginning with this new point, the ‘process is repeated 
fi until a point, P, is loceind. i in sites span but the first, in which it must be 


or the condition of restraint, are both the 

M. C. L. for that span. . The intersection of this line with the vertical through 

- the left support, is also a point on the M. ©. L. for the’: span to the left. ot 

- point and the next point, P, to the left fix the M. O. L. for that span. The 

process is repeated until the line is drawn for every span. aa 

2 will be observed that if the points, P, are known, the Q-points are not 

‘required : for the construction of the M. 0. PAS On the other hand, had the § 

auxiliary diagrams been started from the right end the Q-points have 

oa _ been established, and the points, P, would have been unnecessary. For ordinary 

cases th the only merit in establishing both sets of points | is that the combination | - 

serves as a check on the accuracy of the ‘constru tion. Fig. 56 both 
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oe > in projection, the point is below this support. It may be remarked that . Bs 
et in so far as this discussion is concerned, a cantilever projection from the end oe 
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dealing with moving loads, or influence lines, both K and J- 


have real value, and it will be advisable to establish both. 
After the M. M. OL L. is drawn, plot for « each | loaded Span the positive 


_ moment curve dee to the eed or. that span, considered as a simply supported tink 
beam. These diagrams will be plotted on the same side of the reference Tine, 
& 
‘and to the same scale, of course, as the ordinates to the M. 0. L att 
oa 9.—The moments in the loaded spans are ‘given to scale by the ordinates — 
_ between the M. C. L. and the 1 positive moment curve; in n the unloaded 
_by the ordinates between | the M. M. OC. L. and reference line, as shown the 
areas in Fig. 56. g ud é 
Application of the Method to Indeterminate Frames with Rigid Joints.— fs 
=~ authors’ treatment of the three-member rectangular frames, as shown in 
3 Figs . 16 and 17, is correct in so far as simple bending is concerned. © o 
 eourse, there is also direct stress in the vertical members, and these must be 
investigated a as columns under bending and direct stress combined. Tah, 7m 
ee The statement that the construction shown is equally applicable to trape- 
- moidal frames is true only if the frame and load i is symmetrical ¢ about the ver- 
‘tical center line; that is, the legs must have the same inclination and the e same Ree 
otherwise, the method may easily lead to the most absurd results. In gen- 
eral, it must be understood that this method, as described so » far, is applicable 
- only to such conditions of structure and loading as will satisfy the require- wk 
_ ment that the supports be immovable, this being the fundamental premise of wits 
the theory. Consequently, the application of the method to indeterminate 
frames must be approached with judgment and caution. 
The authors’ statement (page 15), that an unsymmetrical load on such 
frames induces a condition equivalent to a yielding of the supports for the a pe 3 
“a outer spans, is correct. . They neglected to state, however, that lack o of sym- S 
metry in the frame itself would ‘result i in the s same even if the load is 
symmetrical and the frame rectangular. They also neglected to tell 
| yiblding i is to be. ‘evaluated, in order to treat it as a settlement of. the the support. | 
2 It would be interesting to know how this is done, in connection with the “ 
: oe: This yielding i is s nothing more, of course, than the deflection of the frame oe 
at that and can be computed by well- known methods. 


is a German but fortunately i is ‘arranged so that knowledge 
iow language i is not essential to its use. _ “Stresses in Framed Structures”, 


previously mentioned, gives, similar data, ‘Tess comprehensive, but sufficient 
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This cerned. It is the writer’s opinion that when the load or frame is unsymmetrical, ae a ah, 
The 24 the joints are not positively restrained against displacement, the problem is 
a _ entirely outside the province of the methods described by the authors, or in a a ee 
this discussion. In such cases the writer would suggest that reliance for“short- _ 
“cuts” be placed in some such work as Kleinlogel’s “Rahmenformeln”, which 
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= 


an Brien _ Irrespective of the number ‘of such members the solution is effected 
= the same manner, by replacing the unloaded members by. one ne member of 
equal resistance to end rotation, that is, of equal rigidity. 
a unloaded _ members at the joint create a restraining moment at the 
ae end of the loaded member, this moment being developed by the rotation of the 
Se joint through some angle, ¢. The end of each member at the joint must nee 
_ essarily turn through this same angle, and the total moment developed will be 
“¥ contributed by the several members in proportion to their rigidities. ‘The 
_ measure of the rigidity of a member, in this sense, is the angle, d through 
which the end will turn when a certain moment, M, is applied at that end. | 
. Consider a member of any shape, simply | supported at the right pete 
a moment, M” = 1, applied at that end. ‘The | left end may be restrained in 


eo: any degree. The moment, M’ at the left end may vary from zero, if freely 


Fes su orted, t , if fixed. . See table of notation and Fig. 53 for the sig- 


Be: om nificance e of th the symbols.) In this latter case the moment line passes through - 


i as the reference line opposite the center of gravity of A’. ‘The area, A’, is based 
ae 4 aye 1. Lett he ——-area due to the moment at the left end equal 4”, 


hen Let. equ he the right end. Then, from 


member varies inversely as a 


a Sep ! — framing into a rigid joint, and let r equal the resistance of « one member 
which would be equivalent to the group. Then, r=r+r, +r 
- when a moment, M” = 1, i is applied, and let ¢ » equal the bee turned by the 
whole group at the joint ‘when the same moment is ap) 
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to that of any one 
M” = 1. Since a member of any character 


ares El. this condition Theorem No. 3, ste 


we 
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big’ 


For a beam of constant FE I, A° = ~—, and any combination of span ae 2 


and EI may be used that will give the required A”; but it has been shown in 2 a 


previously that when the point, S, is located deebddinis to the method herein | co. oa 
described, the scale length of the spans is immaterial. Using the A” given oe ; 
"previously as one of the arguments in locating S, the equivalent span may = a 
be laid out to any scale. _ The characteristic points for this span will evidently a = 


be at the th third points, since e it is by condition ¢ a re of constant £ I. EI a ee 


When a member is constant E I, — is also a Therefore 


directly to A”, and if all restraining members are of 

stant EI (not necessarily equal), with supported ends, Equation (73). 


KS 


in which, A,, etc., are tl ‘the values of A” for the various unloaded d members, 
and A” ’ is the value e corresponding to the equivalent member. mm weeps 
ae ‘Tf Bi is constant for all members, as usual, Equation (75) reduces to: hk tS 


ad 


which, h, J by ete., refer to the of the individual unloaded mem- 


If it is desired to ) express the length of the member to corre- 
spond with some particular value of I (call this J,), then Equation (76) re- a 


| 


Which is a formula commonly used i in effecting the “transformation | of f spans”, 


and i is equivalent to that ‘given by the authors (page 17). 
PMarTaquontte at the Joint having been found, using as an argument an 
valent member as here ‘indicated, it is evident that this moment is to 
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in inverse proportion to their values of ¢, as already defined. If all 
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i a a fh these members are of constant F I and simply supported, the moments will be 


a os distributed in inverse proportion to the values of A’ for the several Loom. 


in direct proportion to of — hems the. 


_ To comply with the .e method herein Equation ( 76) i is best adapted 


for use when the unloaded members | are of constant formula 


is predicated on simply ‘supported ends for these ‘members, but it can be used 
me when the ends of some of or all the members are fixed, provided these mem- : 
a bers are replaced by simply supported members of equal rigidity. The simplest — 
Thy way of effecting this transformation is by altering the span lengths. — 
ee Let L be the length of the simply supported member, and k L the length 
of the member with a fixed left end. The value of FI is the same for both. 
: coefficient, k, must be such that both members will develop the same a 


when a moment, = 1, is applied at the right end. ‘in 
1 Theorem Ni No. 3, for the 


terms of the length, L, the negativ y kA”, since A’ 

=A", and the Positive E ‘a k A* 3 but for a beam fixed at one e end, 

o= = 8, taking the limits at the ends of the and No. 


gle as found for the simply: supported beam, or 


from which ik Conversely, the member with fixed 


a the equivalent i in rigidity | of fam member three- fourths: as long with simply sup- 


\ 
ends. “Therefore, ‘when qubstituting i in Equation (76) the lengths of 


any members at the ends hide -showld at tl three- fourths their 

rs 2% ‘This does not accord with the authors’ statement, :a inference (page 16), 


hat the rigidity of a member with one end fixed is — that of the same member 
vith supported ends. Itis is | believed that that statement is in error. ) ae 

Application of the Metho4 to Settlement of Supports. —Consider a loaded 
span, B C, of a continuous | 2am of length, L The left end i is designated B. 
The degree of restraint at the ends is unknown. 


= e. _ Assume that: the support, B, settles a distance, D, , with: respect to the sup- 


4, 


ore, at B and C, ‘respectively, exclusive of the effect of the 


port, C. Evidently, the deflection of, the beam at B with respect to C, is equal 
a to that of C with reer to B, but of opposite sign. . Let M’ and M” equal the 
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‘Tt has been previously proved that for beams of varying ag og of iriettie, 


Substituting values in Equations and (79), and dividing by A’ “aa 


OL 


Equation (52) and the conditions | imposed, however, the Tefthand 


point, exclusive of the effect of settlement. ‘The right- hand te term in teadiste, 
which is identical in form except for sign, is the value of a 
point, U’, corresponding to the settlement stresses. 

oe Similarly, from Equation (53), the left-hand bracketed 1 term of Equation eoe 
(81) is equal to the right- -hand term t to v’, the ‘designations corre- 

sponding to those | giver previously. Therefore: 


are expressed in terms of the end moments, La 


* M ta which must te evaluated on the basis of the deflection, en ie 


except. that it is fixed at both ends, and | are no Toads on the 
pike The support, B, settles with respect to é, giving rise to the positive — 
My, and the p at the ends. The a areas of the. 


be § by the settlement. For the case considered, M,’ will be positive and M,” nega- a pr es 
Ts, tive, and the general expression for ¢ becomes: 
end the genera exreionforg bewmmes: 
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between the tangents at the points, B and _C, is the the area 0: of the —— diagram 

_ between the points, or 6 = M,’ A’ — M,” ” A*; but 6 = 0 by condition; there 
‘Regarding the deflection of B with respect to a, the beam may be con- 


_ sidered as a cantilever fixed at C, and subjected to a combination of down- 


a ward pull and positive moment . at B, “resulting i in the deflection, D. ‘The pull 


generates a moment, and ‘the moment at B is Mf. 


_ M, 


1 


the combined condition of load and settlement. "The eat and third nt te 


on ‘the right-hand side are the heights of characteristic points as for the 


5 settlement alone; the f first form on the right- hand side is the normal height, 
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en the ‘member about the center of the. so that 


—D 
84) Equation (86) 


wf 
yar ate “4 aatigues agi to avitulos [sot 


a When E£ J is constant throughout the beam, = and Equa- 


ott Hooda, ok V + 


In general, the corrections to the normal heights of the heme 


points ar are subtractive for the two. points immediately adjacent to to ‘the s settled 
chon and additive to the other two. 2 ‘The ‘settlement of a "support effects 


the characteristic F saga only i in the two spans common to the support. = 
Conclusion —A sp reviously stated, writer lays no claim to originality 
as respects the fundamental conceptions on which this discussion is based. 
“The entire. credit for these belongs primarily to Fidler, and, secondarily, t to 
Z Ostenfeld and others who have added in one respect or another to the structure ; 
for which Fidler laid the foundation, _ The writer accepts entire responsi- 
bility for the particular - manner in which the : concept is is herein develop = 
_ expanded, and trusts that he has succeeded in adding something to the exist- 
ing literature on the ‘subject. — The purpose throughout has been to develop — 

: and present formulas for the purely general “case, and to lay stress on the ed 
3 true significance of these formulas and the graphical operations involved, Pe a 
rather than to deal with specific instances of limited application. This has ae 

? necessarily resulted in some rather intricate and involved operations, which f 
- may 8 severely test the forbearance of the reader. If the writer has failed to = eon 
"demonstrate the inherent simplicity and excellence of Fidler’s Method of 
i Characteristic Points, this is due only to the limitations of his ability to eee ; 


cr The writer wishes to express his : appreciation of the déstutance rendered by 
Mr. Ruppel and H, A. Schirmer, J un. Am. Soc. CO. E., in having given thi 


text a ‘titical and careful reading, and in making» suggestions which hav 


bus 
i helped to determine the final form in which the discussion is presented. _ 


wi A. T. -Grancer,* Assoc. M. Am. Soo. (by distinct 
subjects are presented in ‘this: paper— —the ‘simplified form of the Theorem. of 
Three J Moments, and the graphical solution of the e theorem by the Method of 
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equation have been published, but this derivation appears simpler and more 
_ easily understood than any previously proposed. The form given in Equation 
easily be converted to the familiar form by substituting for ‘the 


rhand members, 9,4, , and Ay their values i in terms loads, post 


‘The graphical solution of the. equation by. the Method Points 
Beevers two wo distinct advantages « over the analytical method, namely, the e check 
a the correctness of the construction in Fig. 11, and the simplicity of the 
method when applied to several spans. a 
aa A positive check on the correctness of the moments over the su ‘supports is 

advantageous i in eliminating errors that would otherwise be through the 
- succeeding calculations. Any one familiar with computations for continuous 
4 girders is aware that an error in these moments cannot be detected by any fail- 
ure of the reactions, shears, or moments based thereon to check. ‘The writer 


ig has frequently examined calculations which would satisfy all: the laws of statics, 


Greene 


fi 
‘moment. equation. Such | an is much less likely to. ‘occur when the mo- 


Perhaps the principal advan ntage of the graphical method lies in its 
extension to cases involving more than two unknown moments. _ Although the 


r 
of f such cases in practice is compar atively infrequent, there 


e doubtless numerous instances where a more complete analysis would be 


made were it not for the labor involved. The complication of the analytical 


& 
method increases rapidly with each additional unknown moment. | _ The graph- 


ical method, on the contrary, is easily extensible to any number of spans and 


such extension offers additional ‘difficulty. This characteristic should 


commend it for use in analyzing complex structures. « 
‘Study of -this paper led the writer to. the conclusion that an 


graphical solution utilizing the familiar polygon would 


ala 


- some advantages. 4> He ac cordingly devised the following method of procedure, 
which is presented y with ‘the hope that it 1 may prove interesting and of some 


‘Fig. 57 (a) represents a continuous beam loaded in any fashion. Although 
aha ~ a three- “span girder has been chosen ‘for illustration, it will be obvious that 
method developed is general and applicable to any number of spans. 

| beam moment diagrams, on discontinuity, a are plotted. in 

Re nO)rie moment areas, A,, A,, and A,, determined, and the centers of 
"gravity. of these areas located, ‘vertical | lines being drawn throu; gh such 

of gravity. The areas A, Ay now laid off i in Fig. 57(e), 

as vertical forces to any convenient Seal, a pole, O, chosen at a pole distance, 

+H, and the rays drawn as s shown. . In Fig. 57(d), an equilibrium or string poly 

gon, L mnqQ, is now constructed 1 using these rays. If, instead of representing 


Th 
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great number of minute areas, the correspondin n 


curve This curve represents the ‘curve of the beam 


ik ered as three simple spans) ;* and straight lines connecting the points, L, N, P, st 
and Q, where the polygon intersects the reaction verticals, will represent the a 


tere correct elastic | curve for ‘the continuous beam may be ‘obtained w 


Heal 
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“te 


ath 


Pole distance H. Ane, 


Me 


Ms 


of the areas to M, 


of the areas A,, A,, and A,, alone, it must be zero due to the areas caused by 
M, and M, alone. In at words, inasmuch as the equilibrium polygon for 


- brie “Modern Framed Structures”, by Messrs. Johnson, Bryan and Turneaure, Pt. Il, = 


, and d (Fig. 57(a)), is sams and as it is zero due to the effect 


ntinuity. (See Fig. 57(b)). ‘The’ net displacement of the beam at points 
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A,, and A,, passes through N, P, ‘and a similar polygon (unin the 
‘same pala, ,O | pole distance » A) drawn for an 


th’ ‘th Oud 


’ and if these | rays are then inserted in Fig. 


57 (c), the forces, - 


directly. 


the ‘polygon for , A, and Ay only to 


sub- division of these areas discussed previously is unnecessary, pa 


ete., through J, h L, N, P, and Q, proces 
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4 the ne equilibrium polygon for — 


| Through L 
Tine of action of 


ure is as follows: 
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a the resultant 0 of 


drawn 


point, Byy may 


aftr 


direction for the initial 1 9 will be at: a Ey 
_— the ray in 1 this second construction corresponding to gh. - For simplicity, it 


nd random direction. be tw 


irection is chosen for the initial ray, the gh line must 
pass through Z,. “ This is ‘easily verified, ‘and will be apparent from a consid- 
‘pennant diagrams.” being located at a 
must pass, random rays. can now be 

rocess similar to the ~foregoing construction. 
located through which the ra 


eration of the authors’ | 


> «. 


pass. The points, and 


M, Ml, 
2 


through Ez, and by a pre 


oe 


must also pass L, N, P, and Q. This con ition. wi 


of the rays for these latter forces 


= 


the values of M, and M, are obtained directly. 


1 ete., n may be be scaled, and the desired moments obtained — 

A 
locate L, N; oP, 


. From f drawa ray through Nto: 0, on the line of ve 


which the ray from —2? 


case the are fixed there will be 


« 


(Fig. 57(a)) draw any ray, Lf, to the 


2. The direction of the ray ray from g the line of 
e such that this ray wil intersect L f produced at h on the line of action 0 
If this process be repented using a secon 


from — 
, suffice to locate the required 
check- -the points, F, and F, should be similarly located by starting» at Q 
ind working in the reverse aivestion. The complete polygon, LSTUV 
- shown in Fig. 57(d) 
57(c), Rays 1, 2, 3, 4, and 5 


5 are now drawn parallel, reenact to 
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points of the outer spans. As the end tangents must be horizontal, tie ray 


from L to must coincide in direction with | the simple beam ray, Lm, 


» 


that from Q t with Qa. Aside from this, the procedure is 

4 a It appears to the writer that this method possesses some distinct ad- — 


“procedure | is identical | for symmetrical and unsy symmetrical 
moment areas, ‘and in the case of fixed ends the proper procedure as just 
given, suggests itself almost spontaneously. N o derivations or formulas 


4 ‘are required, as it is unnecessary to make use of ‘even the teemment 
ed- aT 


equation. The graphical procedure need not be memorized, as after the 
is once grasped the necessary constructions are almost self- evident. BS, 
It may not be inappropriate to suggest some conditions w under which the 
1on “Method of Conjugate Points does not seem to be advisable. The writer does 


‘not believe that any graphical method will extensively used cases 
ust %, which the number of unknown moments does not exceed two, as there is ae x, 


a certain “irreducible minimum” q which will frequently 


take more time than a complete analytical solution. _ Methods o of computa- 
tion are to a considerable extent matters of individual taste, but the writer be- 
Tieves: that ‘most computers familiar both the analytical and graphical 


id- The object of of the ‘authors, as stated in their “Introduction,” ” of 
int lating more careful analysis of indeterminate structures, is unquestionably 
ii commendable. Progress in structural design can only be made through the ae. a 
gradual of the unknown. There e exists in “some quarters. too 
on great a tendency to decry thorough of such structures, on the 
a - ground that the entire subject i is enveloped i in such a haze of uncertainty as to me a 
defy analysis. It will not do to lose sight of the fact that those who are 
best acquainted with the so-called “exact” “methods of calculation should We 


_ degree of refinement the analysis need be carried. For calling attention to a 


Q. q be best qualified to decide what short | cuts are permissible, and to what | 


Re the importance « of this subject, and for their valuable addition to its litera- ieee 
ture, the authors should re receive the thanks of the profession. 0a 


J. Goutn,* Assoc. M. Am. Soc. 0. (by letter) —The graphical eolu- 
_ tion of continuous beams and frames as presented by the authors has brought to i eae 


a considerable simplification in structural design. and 


en Tn the past few years, in Europe, extensive attention has been given a 


Be the graphical solution of reinforced concrete frames. . Among others, the books _ 8 
q published by Strassner+ have treated this subject i in a very thorough and com- aa 


* Structural Engr., L. H. Nishkian, San Francisco, Calif. ote 
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aut 


deflection of the e elastic line at the supports is equal to 


the reaction of the beam loaded by its moment-a -area divided = 


by ‘Strassner, using Ritter’s s graphical method « of finding tl the points of fetal 
of the elastic line (of unloaded spans), determines, by means of these points 
and Mohr’s principles, the negative moments of the actual loaded beam. The 


_ application of these principles may be best illustrated by the following ex: 
‘Fig. 58 shows a frame with a single concentrated load. _ The dotted lines © 
“4 


| 


ol Fig. 59 represents the n moments resulting from a unit horizontal load acting 
at the upper left corner of the frame and i is used for correcting the <7 


inary” ‘moments and shears’ as shown on Figs. . 61 and 62, which ate self. 


Fig. 59 ‘aloo shows he how the A -points, the points of zero momenit,' are 
tained. - Point J, is projected to the left and Point K , to the right. — | Then 
Line 1 is drawn) followed by Lines 2 and 3. Point K, is projected to the left 
and Point J, to the right. J Then Line 4 is ‘drawn, followed by Lines 5 and — 


Lines 7, 8, tnd 9 represent the sum of Lines 1 to 6, inclusive. sortatronge Ng 


_ Fig. 60 shows how the points of inflection— fixed points—or J and K- -points 
re obtained, After locating | the a and U-lines at the third points : of the ‘span 


ond the as illustrated, 1 is drawn at any angle. Thea % 


to the unsymmetrical load conditions the shears, 8, obtaingl 
from the moments shown on Fig. 61 are not equal. For pai conditions the 


frame would not in equilibrium a horizontal displacement equal to to 


3 (Fig. 58) would take place. _ Fig. 63 illustrates how Strassner corrects, by 


toaut *A detailed demonstration of these principle s has been given by Charles S. wee 
 M Am. Soc. C. E., see pp. 56 et seq. a ; 


a: 
— o those not familiar with German hiterature, a short description of the § ae 
neinles_and methoda used bv Strassner as compared with those of 
— 
4 
— 4 
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— 
ar 
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ULI 


, these ‘moments (as shown on Fig 


Fic. 60.—DETERMINATION or J anp K-Pornts. 


ines 


the column moment lines the the shears, 8, and 
" Fig. 64 shows how the final moments (full lines) are obtained. The dotted 
9 lines represent the preliminary, moments (as shown on Fig. 61). Project ae 
A, to Point . Ay’ and P Point A, and Point A,’ ; intersecting thereby the dotted 
Then « draw parallel Line 2 (Fig ig. 63), Line 2 in Fig. 64, “passing 
through Point A,’ to Line 3 (Fig. 63), Line 3’ in Fig. 64, 
‘through ‘Point A; ‘These fulfill condition that 


i hestrated on Figs. 60, 61, and 62, may be considered as being ee 

accurate, Comparing th the authors’ method | with tl that of ‘Strassner, it is clear 
q that the new method leads more quickly, in many cases, to the | desired result, 
_ Fig. 65 shows the design of the frame illustrated in Fig. 16, as made oes i 
g by Strassner’s method. The authors’ method has been applied by the writer +) 

to the | design of continuous beams of six and oe spans and the moments ae 
have been obtained i in an astonishingly short time. 


a: a The simple and scientific methods, a as presented by the authors, or as pub: f 


rc more uniform structural design | ‘throughout the U United States. . The soll ata 
~ arbitrary, coefficients for the design of continuous beams and frames in con- = 


 erete, as specified in most of the building codes, are irrational and involve an 
"unnecessary and wasteful financial burden, Scientific design of a concrete 
structure not only is more economical, but ‘idle often safer. Numerous tests a 


have confirmed plainly the fundamental assumptions of the science.* caieadioh. a 


4 
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— — 
the = S, (Fig. 62). 
— 
Draw any horizontal line, 1 (Fig. 63). Then draw parallel to L 
and M_ Fic Lines M’ and M’ __Tocate Point nermendi 
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ow ON M 
An interesting comparative a 6- -story concrete 
building in Los Angeles, Calif., and the same building as it would have been 
built in San Francisco, Calif,, has been n made by the writer. _ The Building 
of San Francisco gives the engineer the privilege of using 
_ principles, specifying in Part VIII, “Design in General, Restrained Beams”, 
All and restrained ‘slabs, beams, and girders shall be designed 
to resist, at all supports, the full moments and between all supports, 4 of | i 
the moments resulting from all spans being fully loaded. In no case, jaan 


ever, shall the resisting moments between supports be than bending 


ts prod ed b dition of partial loadi : 7 


dee 


ods wot Fic. reg hte band rode aQ 
For the building in question girders 30 in. deep had to be used in Lo 
Angeles, whereas in San Francisco girders 24 in. deep would have been a 
dent to to provide for the actual stresses. ‘From the economic point of view 
a reduction of 3 ft. in building height in this case, as well as greater safety 
4 and a material additional saving in cost, justify plainly a thoroughly scientific ee 


The writer believes that the authors’ or any other ‘quick ‘method, 
of primary importance fc for a sane and economic development of reinforced — a Ne 


concrete construction. ‘The scientific value of the method merits the attention 


. of university courses throughout the United States = 
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DOERFLING ON NTS IN RESTRAINED AND | OUS BEAMS 


— 


=  Ricuarp G. ‘Dorrrune,* M. Am. Soc. (by letter) —The writer has 
ead this paper with much interest and i is pleased to note that the ‘Society 


bed 


given free scope to papers like “those. by Cecil ‘Vivian von Abo, Tun, 
Am, Soc. C. E.,t Charles S. Whitney, M. Am. Soc. C. Et and this one. — 
oor Be For the most part the methods demonstrated in these papers were invented t 
and developed from 30 to 60 years ago in Switzerland, Austria, a1 and Germany, 
where’ they have become the working tools of structural engineers. Although 
F E. a they occupy considerable space in German technical literature, they are not ‘ 
accessible i in In fact, little has entered 


= 


of see 


otresses, 8, not agree theta a conerete asch ‘should be treated as 


fixed points with substantial that can be seen and inspected, and oiled 


shortest method of doing a certain thing”, which rather involves the per 
= ou - gonal equation. = The best method of course ane any one ‘person, a and alsd the 
i. a shortest and safest method for him, is the one he understands best and = 
ed i sure e about, be it graphical, ‘analytical, or s 


or a combination of these methods. 
Es ae This paper furnishes useful graphical methods for many problems of cons) 
area tinuous beams and frames. The ‘authors have. preferred the roundabout way 
a of representing the methods demonstrated as analytical deductions from the: 
‘geometry of graphics again translated into graphics, while the simpler and 
4 clearer may be furnished by the of construction 

4 


The ‘ “conjure points” of the authors are readily those 


fixed points, upon the The name and designation only are new, 
; 2 and the derivation is in reversed order—rather a a retrograde. step in regard to 


Pe. clearness in demonstrations as well as in application. — ~The multiplicity of 
‘a points and lines in the body of the diagram i is confusing (see Figs. ‘1 or 13, 


ao for instance), and i in practical application the lines will frequently i intersect 


angles too acute for precise determination other points ar lines” 
, roy required. On the other hand a random construction for the fixed points out- 
& xs i side the body of the diagram obviates both these objections; the intersection 


Arbitrary. coefficients in building ordinances giving moments 50% greater 
i Z 7 less than the true moments for uniformly distributed loads are not altogether 


"wrong, considering ‘the fact | that the live load on adjacent floor-panels may in 
reality vary from zero to the maximum, upsetting all fine- spun ‘computations 

uniform on beams and slabs. The sharp beak 


“Secondary Stresses in Bridges,” Transactions, Am. § E., Vol. 89 (1926), p 
t “Design of Concrete Arches,” Am. Soe. E., “Vol 
(1925), p. 931. 
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concrete columns and piers could be safely off -parabolically 
one-half within ‘the width of the column (because ‘these supports are 
tributed and not |mife-ed edges), while the moments at mid- span should be 
gl Although | the e more lab laborious means of influence lines show most clearly — es: 
how ‘the live load on continuous beams must be distributed for maximum we ‘c 
4 ‘moment at any point, the next best method, and one very appropriate for more _ 


important work i in a building construction, is to determine the momet nts with the es 


; - This can be done by very simple methods—simple i in demonstration as well as Re 
in application, on, with little tax on the m memory. In the belief that a presentation i tah oe 
of these methods will shed more light on the important elements and charac- = NG 

hy teristics of the whole subject, the writer offers the following contribution as a 

% ‘supplement to the paper, and, incidentally only, makes his demonstration bear be 


out his critical contention. ‘Some repetition will be unavoidable. 


yz (1)- —Elastic Weights—As a an introduction it seems pertinent to discuss _ 
briefly the subject of “elastic weights”. 
a The maximum bending moment, M, caused by a load, W, is directly propor- 

A af 
tional to W and to the distance, l, at which Ww acts. vamianneny cig 
The maximum deflection, D, caused by a bending moment, M, is directly 
to M and to the distance, l, at which M acts, and inversely propor- 


tional to the stiffness, £ I, of the structural member under consideration. — 
The term, - 


From this analogy W and = | — EI 


elastic weight, and deflections and deflectio diagrams am 
moments moment bys using the moment area as a load area and 


strated with a distance equal to E I; 
of wed polygon at that point. 4 


3 


g elastic weights, deflection formulas may be derived by 


Cantilever with a load, ¥ W, at the Cig. 66 (@)): 

Wi 


Be 
Be 


= 
as 
by 
— a 
e ¥ 3 
h 
~ | | 
ve 
— 
— 
he 
ay 
nd 
ty, 
— 
At any point is the intercept 
he 
3, 
ate » fundamental idea of >. 
follow- 
on 
te 


124 DOERFLING on MOMENTS IN RESTRAINED AND cowrnrvovs BEAMS 


"Cantilever w with aload, W, uniformly distributed (Fig. 66 66 (0) ): a 


da 6 Ww B ir = 


Simple beam with.» lon a load, W, at the center (Fig. 66 ©): 


= ___-: Simple beam with a load, W, uniformly distributed (Fig. 66 (a) ): soit Pai 


74 


Maximum momen 


‘One-ha if the moment area = 


The few problems now to be solved : _— readily be extended to continuous 
a beams of any number of supports. Incidentally, these problems will introduce 


s ae the essential terms and characteristics of the subject in tangible order and 


— 
tion 
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— oe 

YPICAL LOADING BY TH co! 
tis, 67 (a), let the span, be loaded while 
the Spal e moment, M, over mid-support. 
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Without knowing» the value of M, the form of the moment diagram is 
known, because it must consist of the moment diagram, A N D, for a simple — 


beam, A B, minus the > Toment triangle, A DC, due to the reaction, B. < 


resulting moment diagram would be the load area for a a deflection aie 
ws For the problem under consideration it will be ‘sufficient to know of such deflec- 
polygon only the tangents at the supports, the “pier tangents”. ‘For or 

- determining these tangents the load area, Fig. er (a), is considered to hee com- 


5 | 


can 


| 


> ara 


67 —Two- SPAN BEAM, ONE SPAN LOADED. 


Canet of three parts, the area, A = W, » termed the ‘ ‘simple 


area”, and the triangles, AB , and CB! D = Wy, These t 


- is positive, causing downward | bending, and the other two are negative, causing . 


"upward bending. The numerical value of Wo the : simple moment area, may be 
- computed, and it is seen that the ratio of W, and W, remains constant what- 


dotorntin at 


are used as elastic weights acting at the gravity lines of. the areas. first 


— 
— 
— 
— 

— 
— 
— 
4 

iii 
4 
— 
Kage 
4 
| 
a 
— 
ile —_ 


The lines of | on of W, and W, verticals, distant hy sind 4 
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a 2 the a axes of the | piers, the “pier verticals”, and hence termed the “thin 


verticals”. The resultant of W, and W, is also a vertical, at a distance from 
3 W, and W, inversely proportional to these values, namely, — 3 from W, and 3 = 
from We Hence, it would be suggestive to term this the ‘sesultant verti 
a. and designate it by J R, as in Fig. 67 (b), which s shows an equilibrium polygon 
W,, , and Supposing that the beam under bending is held to the 


supports, this polygon is obtained, 
= 28 | The pier tangent to to Co ’ is drawn at random and from the point where it in- 
Beis 9 tersects W, the pier tangent to B is drawn intersecting W, . The third line 
Bo) 2) the equilibrium polygon must nec essarily intersect the first line on the 
> a a resultant vertical, R, hence its position is given after the first and second lines 


Ss a have b@en drawn, and from the point where this third line intersects W, the 


pier tangent to A is drawn, completing the poly gon. Notice the important fact 
the third line, W, W,, is found entirely independently of W,. Another 
= fact of fundamental | importance is that this third line intersects the axis of 


: al the beam at a fixed point, P, no matter in n what direction the first | line was 
Bes drawn. This is readily seen by referring to Fig. 67 (c). which shows that for 
a et any number of random lines through C the intercepts of such first lines and all 


rg - following lines on any 0 of the verticals are proportional to each other, henee, 


hae, all third lines must go through F, a fixed point, dependent only on the ratio 
of the ‘spans to each ‘other, b but independent. of the loads. 


From the equilibrium polygon, Fig. 67 inversely to to the general rule, 


the force diagram, Fig. 67 (d), may now be constructed by drawing on the known | 


a- $3 value « of W, as a load line the rays, 4’ and 3’, parallel to the lines, 4 and 8, of 

a 4 the equilibriain polygon, and from the pole thus located, the rays, 2’ and 1, 
ae. parallel - the Pier iaaney 2 and 1, cutting of on the load line the numerical 


| 


$—Two-Span Bean— —For the p practical application of the problem 
reg 7 4 demonstrated a further simplification may be introduced, derived directly from § 
“Figs. 67 (b) and (d). Notice. that the shaded parts of these two related dia 
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RESTRAINED AND CONTINUOUS BEAMS 
of, after sviintviouiig a force triangle | with - - a load line and 1 - as the _ 


‘showing that an equilibrium AW this 
and drawn though would cut | off correct value of M on the 


fixed point, F, before, but by a “separate. 

and the equilibrium triangles are drawn this time on AB as a base. Hence, ~ 
==: straight line from A through F (the vertical projection of F on the equi- be 
librium polygon) will cut off the correct value of M on the pier r vertical as 
before, except that it is below B. If the equilibrium line be drawn ene F, ae 
the desired value of M would be cut off above B as before, 


UntrorM LoapD ON ONE SPAN, 
ae Fig. 68 (b) it will be readily seen that for a uniformly distributed ay 
load on one span the peak of the equilibrium triangle coincides with the apex Be 
of the parabola for uniform load, so that for this case the moment diagram = Proce 
may be drawn at once as indicated, without the use of the force t triangle. @ = 


_ 4.—Pier Depression.—Fig. 69 shows a convenient graphical determination — 
of the moment, M, due to an actual or assumed, of mid-— 


4 — 
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hind 
q 
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— 
4 — 
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— 
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e support. Consider the beam devoid of all loads including its own weight, but 


held to the piers, while the support, B, is lowered 4 in. - Without knowin 
a the value of M caused by such a depression, the form of the moment diagram 


a is known, for it must be a triangle, A D C, as indicated. Each half of the total 
load triangle is used as an elastic ‘weight for « etermining the pier tangents, 


the “third the vertical”, R, as ana con= 


a struct the equilibrium polygon due to W, and W,. Since the polygon must. 
eae 2 pass through the contact points of the three supports while its first and third 
lines must intersect on the resultant vertical, only one such polygon is possible: 
--_Tt may be. drawn by trial or constructed by u using the fixed point, F, and its: 

ne projection, F’, of either one or both spans as indicated. Now, if the depression 

v- =: BR, was plotted to full size (3 in. in this case) and the spans to a scale of 


the pole distance" oF" the be the equi 


polygon is it must equal 340. in order to to full-sized 
"deflections. ns. Laying off this distance to any convenient scale from a vertical 


=15 000 Tons per Sq, 


tne the intercept: of these rays on the will comatituts the 

Toad | line, giving the of W, ‘end, W,, w which, M = and 


check value, M = may be Assuming numerical, Nelueq of 
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DOERFLIN 


aa The problem may be solved otherwise by considering that the force at B 


which will deflect the simple beam, . AC, 3 in. . equals ‘the reaction due to a a 

pier moments, M”, ‘Fig. 70 (a), the n -span “only i is s loaded. 
_ Without knowing the moments, the form of the moment diagram is known, 
because it must consist of the “simple moment area” for the mid-span plus 18 

‘a moment triangle for each end span, as shown. In’ drawing the pce aa 
‘Polygon of the pier tangents consider the moment diagram a load area 
furnishing the five elastic weights, Wo W,, W,’ W,”, and W,. The simple 
icant area, W,, is known, or may be computed; it causes downward bending. 
ong other four ' elastic weights ar are unknown because M’ and M” are unknown, 

but since e they are areas of triangles their lines of action must be at the “tint 


verticals” and it is self-evident that they cause upward bending as indicated. 


f=. a analogous to Fig. 67 (b), draw the first alee tangent of Fig. 70 (b) Be 
at random, and from the point where it intersects W, draw the second ie 
tangent through the second support to the point where it intersects | Wy. 
third line of the equilibrium polygon must go through the point just aa ‘a 
and since ‘it must" also intersect the first line on the “resultant, vertical”, 
its” position is given regardless of the value, W,. A reference to Fig. 67 (ec) 
will show the important characteristic of the third line, namely, that it will ; 
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the first line was drawn re Now, locate the other fixed | wba of the span, 7 bya 
_ separate random construction, as in Fig. 68 (b), and complete Fig. 70 (6), 
ie From the equilibrium | polygon just drawn a force diagram is constructed, Fig 
a 70 (c), by drawing six rays parallel to the corresponding six lines of the 
equilibrium polygon. Since the is value of the other 
“four elastic weights are now given 


of this note from the similarity of 
ae a shaded triangles of the equilibrium polygon n and the 1 force dingremm thet 


or, after constructing ‘a force triangle as for Fig. 68 (a) with, 


—Cross- Lines for M fid-Span. this, the simple construction o of Mie 

1 @), analogous to Fig. 68 (a) is ‘self- -explanatory. 

; ee For a uniformly distributed load on mid-span the force triangle is not 

equired, for, analogous to Fig. 68 (b), the lines of the equilibrium 


polygon intersect at the apex of the parabola ‘ier uniform load, giving Fig. % form 
of the problem, namely, to M’ and M”, m 
be made still more general and more simple, giving the same construction P| 
either concentrated or uniformly distributed loading on the mid- span, and a 
requiring no force triangle, by considering the following - relation of similar .. h 
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in which, is the distance ¢ to the gravity line of the moment Wor 


A Band B A’, are termed the cross lines. 
‘The Sum Total of the Foregoing Demonstrations.—To determine M’ and — 

for any loading on the mid- ‘span, draw the cutting the pier 


q the two fixed downward on thine cross- s-lines ; ‘then, the straight line, 
will cut off the values of M’ and on the pier verticals. 


te of 
w 


HREE-SPAN BEAM WITH oR 


to (b),. and (c), Landed the for finding the pier 
reed) Mw’ and M”, for loads on one end span. All these diagrams of course 


e drawn on the assumption that ‘the structure subjected to deformation is 
held to its supports. Again, without knowing the value of M’ and MM”, the — = 
form of the moment diagram must be as illustrated in Fig. 72 (a). The ae: 
we ule tay 
‘reaction at M’ is downward, for the beam would rise from the support if not Ag 
held to it. The elastic weight, W,, the simple beam n area, is known, and the ae 


unknown elastic weights, Ww, W,”, and W,, 8 since they represent triangu- 


¢ 


lar areas, must act at the ‘ ‘third verticals”, OF 


Te constructing the cequilibrinm polygon | of the pier tangents begin at the 


right support and draw the first line at random. a From the point where it 
intersects W, draw the second line through the support to an intersection with 


p Wy. . The ‘third line is now given, for it must intersect the first line on ; the = 


‘resultant vertical” R, and from the point where this third line intersects W, 
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ee another pier tangent is is drawn to intersect W,. Since the fifth and third ling 
et or must intersect the resultant vertical of W, on Wy = the fifth line i is now given, 
ae and from the point where it intersects W, the last pier tangent is ‘drawn, com- 
pleting the polygon. Referring to Fig. 67 again, the important fact will 
eerie be evident that the a thind and fifth lines, termed the “medial lines” , in . order 
tod distinguish them from | the pier tangents, ‘will traverse fixed for 


g. 72 is now derived by draw 
its six parallel to the pe six lines of the equilibrium 
polygon, giving as vertical the values of W,, We 

te the scale of Wy - These, in turn, yield the values of, aan a 


cally. the same as for the mid- “span ‘oaded, leads to constructions like Fige 1 
‘and, finally, to the more npn method of cross- s-lines, Fig. 7 (a). 
Pe It has been shown that the cut-off by a medial line of the | loaded span a 
a the pier vertical has. a definite relation to ‘the pier moments. yy Ht is further 
important to remember that the cut-offs by the medial lines of any unloaded 
Span on the ‘pier verticals are proportional to the | pier moments. his latter 


is fact i is s apparent when noting that the two shaded triangles of eld a om 

similar to the corresponding two triangles on WwW, nd o n W," 
Ray Fig. 72 (c); hence, | it follows that the moment line of an unloaded span, like 
ae: r the pa line of such | a — must traverse t the fixed point, FP. Sines the 
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point, FP, which the moment line is necessarily always the 


ay necessary to determine ‘the moment that poten to ‘the 
en nd must pass through the fixed Points, The end support is the last 


nd A 
a 


AY: 
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It is self- evident that this applies t to “continuous beams of me 


number of supports. the loaded span is ‘not an end span it is only neces- 


sary t to ‘determine the two pier moments to to the right and left of the loaded = 
=f span by “cross-lines” and complete the moment diagram by drawing the re- 
maining mo moment lines through the fixed point, F. A glance at Fig. 67 (b) and 


‘Fig. 68 (0), and an examination of Fig. 72 (>) will show that by a random > 
construction like Fig. 73 (b), the fixed points, F, may be located for any num 
oe ber of spans. In Fig. 73 (6), proceeding from left to right, the full lines locate %, “ee % 
a the points, F,, and, from the other direction, the dotted lines locate the points, — yd 
9—Continuous Beane Any Number of of Spans. and 
show the general procedure for continuous beams of any ‘number of spans, 
eae or unequal, a beam of five equal spans (Fig. 74) is chosen for sim- 73 * 2M 
: plicity of illustration. f First, the fixed points should be located by a separate 
construction, Fig. 74 (a). The M- polygons ¢ are then drawn for loads on 
span only; Fig. 74 (b) shows this for the second — the full lines of 
(c) for first ‘pen. 
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‘EP, is obtained by 
fading the pier moments for one span loading; but it should be noted 
any 6) 


3 nate spans on either side of it are loaded: and the maximum moment for any ae 
‘pier occurs when the spans to ) the right and | left of the pier and ‘the alternate . 
; Suppose the simple moment diagrams were constructed by means of force 
diagrams, Fig. 74 (d); then n lines through the poles of these force diagrams, 
parallel’ to the corresponding lines of the M-polygon, A B’ D’ E’ F, will 
cut off E the re reactions, A BC D E F, on the 1 load line as shown. Having the 
é a eactions, the shear diagram, Fig. 74 (e), ca can be obtained. If it is desired 
% as to refer all moments to a horizontal base line, Fig. 74 (f), the diagram may 
be constructed | by using the poles, O’, of Big. 74 This 
check on the : accuracy of the whole work. 4 
as It will be seen from Figs. 74 (0) and (c) that t the moments for one wes! 


diminish rapidly toward the ends, and it seems ‘sufficient in practice 


« to extend the investigation for maximum moments over a radius of two  adja- 


Beam, Fixed ‘Ends—The methods demonstrated may ved 
ee epplied ‘of course to the most simple case, the one span beam fixed at both — 
ends. To obtain the moments, draw the equilibrium polygon o of end tangents” 


ae = (Fig. 75 (a)), | and from it the force diagram, which, in turn, will | yield the 

; eT om moments, M, and M,, analogous to Fig. 67 (b). Since the “medial lines” 

must pass through the ) fixed points, these latter ar are to be distant rom 

Ss pe the ends, and may be used in constructing the moment diagram by 


ae lines”, Fig. 75 (b), analogous to Figs. 71 (a) and 73 (a). eis a 
de nee as like this are well adapted for deriving formulas for typical load- 


Pa 


= 


is necessary. The moment is , hence, the 


leaving a for pan of as shown in Fig. 75 (c). 
11.—Consideration of Variable Moment of Inertia varies from span 


to span only, being ‘uniform throughout each span, the « constructions remain 


same except for the location of the resultant verticals, the “T-lines” of the 
authors, as by Fig. 15, or by transformed d spans as will treated in 


yy 
hes 
fry 
a 
| 
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ace W, = We WwW 9 in this 
q 
= 4 a 


at? tort 


not differing from the demonstratior 
more involved in application. The elastic weights, Er , reduce to 


boi 


4 


ATK 
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_= for a constant, E I, and to — fora rearvarty E, only ; but in order to avoid 


fractional figures, and to make factors ing qual 


for convenience application, the elastic weights are made i 


ei 


7 a constant equal to the greatest, the smallest, or any average I 
ee Hence, all ordinates of the simple moment areas as well as as of a "i oe a 


-areas must be mameNn by — in order to obtain the “ ‘modified m a 


— 
en 
\.| 
4a 
— 
an 
in 
triar 
— 


elastic, load areas. Then the gravity lines of these new areas must be deters 
being the lines of action of the the new elastic weights, Wes Wi, We ete, 
_ Note that the third lines, being no longer gi grav ity lines of triangles, have shifted — 


- Sdligutiy, but the resultant vertical i is located as before, that is, by transposing 


distances of W, ‘and Ww, from the pier verticals. fixed points, F, are 


now located as before, using the new gravity lines, + and the st ae *. the 


procedure i is the same as for of 1 uniform J AND 


Fic. 75.—Brams Fixep Born Enps. 


; am er the value of J for a continuous beam is varied without increasing its 
depth, by changing the reinforcement or adding cover-plates, the error in 
moments is not more than 8%, while the e error in she 


the ‘errors will be very small ‘indeed. A ‘small settlement of a ‘support, or. 
the small unavoidable errors in ‘fitting the supports to the "unstrained shape 


of a continuous steel girder, may cause errors much greater than those just 

Gi GA Again, as to the applicability of the elastic theory to steel structures there 


«is no question ; the measured deflections agree well with those determined by 


ation. In concrete structures, however _E also is a variable quantity, vary- 


xs sense | of stress” (tension and compression), and with the age nd composition 


> 


theory, and almost exactly if the shear deformation is taken ‘into. -consider- 

i ing within wide limits, not only with the amount of stress, but even with the — 

zs of the conerete. Inc concrete arches the variation is much less than in beams, — 


" because the amount of stress is fairly uniform and of one sense, the bending — 
moments only alter the. compressive > stresses, and tension is practically absent, & 


} 
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| 

of a concrete beam that will yield a deflection within reasonable 
a: agreement with the measured deflection” ,a Great refinement i in the analysis of 
vii! 

reinforced concrete beams and slabs must seem illuso 
 18-—Another Method of Constructing the practical 


useful | line relation is is s obtained as follows: ~The intercepts of 


of the “three- -moment equation”. now the line, m mn Fig. 


intercept on the “resultant vertical” is, 


ner with 
fixed the pier moment polygon may be drawn for any loading 
whatever, ai as illustrated by Fig. 76 (c). First plot the values, R,, R. Ry 
R,, on the resultant verticals as indicated by the heavy ordinates. Then 
the auxiliary polygon, F,, F,’, F,’, F,’, F,{, and F,, each line through 
“the top of each R- ordinate until it intersects the ventioal throu gh the fixed Es 
‘point, F. The intersections, ete., are points of the required pier 
moment polygon, and the last line, Fi Py is at once a line of such polygon Pe 
and will cut off the moment, M -~ on the vertical through | Pier 4. The full- RG . 
polygon traced the F’ complete the pier 


yt 
od 


>, 


DETERMINED BY R- or A STRUCTURAL ‘TRIANGLE. 


An acute check o: of the drawing be obtained by 
- ing the construction in the opposite direction, using the same R- -intercepts, 
but second fixed points in each span (not shown), 


MOMENT POLYGON Fic. 77.—THEe ANGULAR DEFORMATION 
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area = = — pl’, and its reaction at the pier Pp Lence 


= the load “term: of the three- enomnatit equation for Pier 2, since both sides of the ‘ 
were multiplied by 6 (see the authors’ derivation, page 5) i 


+ 


as befor re, 


> ondary stress is the deformation of a structural triangle. it the three sides 
e. én triangle, Fig. 77, change their lengths, a, b, and c, by the amounts, 4a, 
vend de, the change of the angle, a, is 
"2s 


_— Since the unit strain, *, etc., equals the unit stress, 


— 8,) cot y + (8, — 8.) cot 


for each angle of a triangle the equation ‘is the sum of two terms, the 


2 cotangent of the included angle. The check for each Siena is 4a + 4 


a bie 37 Fig. 78 (a) represent a truss having a top chord of continuous con- | 
between the pins, 0: and 5. Considering chord deformation only, the 


4 pa Sa problem i is . simplified by regarding the top chord as a continuous beam « on the 
panel points as supports. The moment reaction for any panel point (its elas” 


¥ tic weight) is equal to its angle of deformation ; hence, for Panel Point 2: 


1 3 


This equation is readily remembered by. noting its le w of That 


“4 
2 unit stress in the opposite side minus that in the ‘adjacent side, times the 


4 


ij 


— 
distriputed load ner linear toot the simple momen 
— 

ke 
— 
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"Multiplying | this equation by a constant, rig! ~» in order r to obtain convenient 
numerical values, and introducing 


id 


which again is seen to be the three-moment equation, in ¢l Si, case with the 


‘ 


; symmetrical structure ‘eymmetrically loaded the M- polygon will appear in sym- 
metrical form and thus check itself. For a any unsymmetrical conditions 
_ check construction may be had by using the same R-intercepts but the second Pe: 
fixed’ point in each span, _and the at Point 5, 


the 
4 
|. 

78 (b 
= 
4 


ONTINUOU 


ote as | appears at a ‘pris from Fig. 78 (b), that the intercepts, R, alone 
gee fair approxim ation of the r moments, M,, M,, My ete. » entirely “suff. 
cient for a practical estimate of the secondary stresses to be expected. Fur 
- ther, . since 1,’ is inversely proportional tol the greater the moment of inertia, 
the greater ‘the values of R and hence of M, pointing to the ‘advisability pe 4 


ma king the depth of any as as ‘practicable, consistent with other 


—Circumferential Chords of Trusses.—If “for a circumferential upper 


= 


“Fic. 
sie STRESSES IN CONTINUOUS TOP AND wi 


Case 1—The « of the pan panel points for the auxiliary | continuous: 


beam is. given in -moment equation for the moments, 
af 


since M, = the « equation may be written : 


rashes M, L +2 9 l, l, = (95 
nee Equations (94) and (95) show that the auxiliary continuous: beam, 0- 8, ~ 
freely supported because the end terms, M, 1,’ M,1,, respectively, 


hi 
— 
— 
— 
— not differ greatly from the problae 
of ‘the a ~ ill cover such problems: 
ing three cases will cov di 
axis of symmetry contains no panel point ( 
— 
a 
+. 
— 
= 
— 
5 


vanished from these two equations. Hence, the M- will be 


3 


2E I, 4 2EI,4 ptersted 
R, 28 and F R, = 
Case Il. —The three-moment Point 0 a. AM 


” If now | Fig. 80 ) represents t the | ermant polygon n desired, its its intercepts, FF’, 


Hence, two points, Py of the M-polygon are known, and it is shown at once ae 


that the two points, are the first and last fixed ‘points: of the continuous 
beam, 0-6. | ‘Starting with these fixed points, all fixed pc points 
located as before, , allowing the auxiliary F’-polygon to ‘be drawn, | 


Note, incidentally; the additional proof furnished, that for a continuous 


beam fixed at both ends the first and last fixed points air distant one-third ie : 


Case III. —This i is evidently a Cases I Il. The auxil- 


= iary continuous beam is freely supported | at Point 0, “corresponding to Fig. 
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¥ pa, 78 (b), while the other end at Point ti is fixed, , corresponding to Fig. 80. . Henge, 


end, and its” 
determination of secondary stresses, including web 
methods ‘similar to that just demonstrated could be used by considerings 
a ig the three > members of each | structural triangle a a continuous beam | on four sup 
"ports, the first coinciding with the last, but ‘such “methods become cumber- 
ee some, and the computation of secondary stresses by the method | of normal 
 General.—In conclusion, the writer wishes to add a few words regarding respe 
statically indeterminate problems in geperal. will ¢ 
whole subject can be demonstrated, in an elementary | way, within | ‘point: 
ae 
i, a _ wide limits of practical application, wigh little tax on the memory, that is, will « 
Bae,” =o with few elements, as a base, namely, similar triangles, force diagram, oat straig 


Ses 


+ 


va. 


4 


‘ he equilibrium | polygon, the elastic weight, and Maxwell’s s “theorem of f reciprocal in th 
‘This statement will seem less radical when it is considered that in 8 


structing an influence line (a line of deflection) one has determined the numer: < are 1 
ical values of strings of differentials ; in determining the area of a a graph straig 
‘one has ‘similarly performed | numerical integration. . “The whole process is | tion 
really graphical differentiation and integration, vastly clearer and more tan- 
gible than the analytical process, within the scaling accuracy | of the drawing, fixed 
course. more accuracy is required the ordinates of any influence Fron 
- may be computed by continued addition of elastic panel shear, in the came Fig. 
simple way in bending moments by continued addition of 
Much time and ‘clearness in’ demonstration could” be by’ treating 


ea Ted reinforced concrete structures, solid steel web structures, and framed struc ‘the: 

4 Ta 2, tures of one type under one heading. The analysis is the same for all three, and 
except t the small difference in determining the elastic and the -aceu- loca 

R. McC. Assoc. M. Am. Soc. ©. E. (by letter).—The prac- “son, 
tical application. of graphical analysis to the solution of problems involving load 
_—— eontinuous beams: and indeterminate fi frames is now rather conspicuous by poir 


; q - i eason of its limited use by the profession in general. It is the exception zt 


ee ” 


nate 4 
| 
rather 
and p 
im rel 
some 
3 
i 
— 
a 
q | 
q 
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in reinforced ‘eoncrete construction, due to the laborious, slow, one cumber- 4 a 
some | analytical methods, and to the difficulties of obtaining a proper check, 
Ih general, if engineers had a more practical working knowledge of graphical _ 
qnalysis applied to statically indeterminate structures, as suggested by the — 


‘authors, they would have confidence in their work resulting in safer and more 


_ The writer has been using, for a number of years, a system of ore 


analysis which is an n adaptation, i in general, of Professor W.  Ritter’s method," ae 
| and is somewhat simpler than that of the authors. Professor Ritter’s — : 
‘ ical analysis seems to be little known or understood by American engineers, 
. } possibly due to the fact that a proper translation into English h has never been 
published. Prior to discussing the advantages of Ritter’s graphical method, 
complete graphical solution | by that method, using the ‘authors’ 
oh Construct the R, U, V, T-lines and the simple beam moment di Sagan 
for the various spans as described | by the authors » (Fig. 81 (b) and (a), 
respectively.) In Fig. . 81 (db) starting from J, draw any straight line that — 
will cut the Vv or trisecant line and the first T or reversed third line in the oe 
points, e and ; respectively. Draw th the straight line, eR, which, , prolonged, 
; is, | will cut the U-line in the second span in the poi, g. Join g and f by “heal 
straight | line intersecting | the e base lin line in the point, dy a fixed po 
or Starting from the fixed Point, J, repeat the same process, thus s obtaining Bs 
the the second fixed point, in the e third span. The fixed points, k, and 
ner- are are found in a similar manner starting from leap Fig. 81 (6). Draw any on 
aph ttraight line, k, m, cutting the T or reversed third line at n. The intersec- 
sis | tion of the straight line, nh, with the base line at defines the other r fixed 
point for the second span. Starting from by similar construction, the 
ing, fixed point, k,, can be obtained. . The proof of this will be given subsequently, Pie 
line | From of the fixed ‘points erect verticals, locating J and ke -points 


« a In ease of a a arrangement of spans r relative to the center of 
3 


: the continuous girder, the fixed points are located symmetrically relative to to the a 
ing center of the continuous girder. it should be noted that the position of 
uC the fixed points is dependent only or on the ‘relation of the | ‘spans to each other a 
and not in any way on the loading of the spans. After the fixed points are we 
located, the bending moment of each load on all supports is determined, con- 
only one span to be loaded at a time, usually the left-hand span. 
algebraic summation of the moments (intercepts) at the supports due to the a 
separate loads will give the resultant moments due to the entire ‘system a of ee Be 
loads on the continuous girder. _ The final closing line i is drawn through these b: cae 
‘bending moments for a uniformly in girder 
are found graphically, as follows: off 


...*“Anwendungen der Statik, by Culmann ; Kontinuterliche 


Balken, ” by W. Ritter, 1900. 
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the simple beam moment diagram Fig. 82 (a)) Com 
nect the point, 8, at the apex of the parabola with the points of supports 8 of | 

the loaded | span. | The intersection of these lines with the fixed lines (4 and 
k-lines) give the points, i,’ and k,’, which are points in the closing line of the 
_ moment area of the girder. . Gee Fig. 82 (a) and (b).) When more than one a 
is londed, teach span ‘separately ‘and summarize the results. 


>| 


% 


For a single or load the moments or tl eir intercepts 
on the reaction verticals are found, as follows: | Refer to Fig. 83 (the proof | 
aa be given subsequently). Lay off on the base line the length, l,, on each 

ie of the load. From the > points thus found draw lines through the verter, 
8, of the simple beam moment area, bSc. These lines intersect the support 

_ perpendiculars i in b” and c”. From the points, b” and c”, draw lines to ¢ and 
respectively. respective intersections of cb” and be” with verticals 
through the fixed points, i, and k,, are points on the closing lines, which, 
extended, intersect the verticals through th the supports at b, and ¢,. The inter 
cepts, bb, and cc,, are the moments measured to the ‘als of moments, at the 
supports. _ The moment closing line for the load, P, is extended from b, to@ 
and from, C, through the fixed point, k, to d,, and coutionnsd toe. The moment 
‘closing line indicates the moment effects on the other spans for the concen 
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FIELD ON MOMENTS IN 
ero moment ¢ or inflection. point, i, lies between the support and the 
perpendicular, he and the inflection point, k, between the fixed 
’, and the support. “From this it follows that in a middle span as a single 
ined ween from left to r right the infl flection points, a and k, in the bending 


move in the same direction, pemain, inside the loaded 


Be to Fig. 81 (a) (the authors’ example) which i is a continuous girder with 

freely ‘supported ends, From similar construction to t that shown in ‘Fig. 83, fi Ae 
for a single concentrated load draw the e closing lines, R, and R, k’2, 
which intersect the vertical through the support, R,, with segments or 
cepts, -1 and ‘B,-2, -Tespectively, measured to the scale of moments. These’ 
intercepts measure the moments at the supports due to Loads 1 and 2, respec- ‘ 
tively: The summation of these intercepts or segments equals the segment, 
BS z1 + 2. Through z1 a 2 on R, produce a line passing through the — 

fixed point, and intersecting at 2. The segment, R,-2 1+ 2, 


The ‘closing lina: for the uniform load o on the second span is 3. 
‘The segments, #,-3 and R,-3, are the moments at these supports induced | 5 
the uniform load, 3, on the second. span, te ¢ Lads ads 
y Similarly, the concentrated load, 4, produces 5 moments ¢ at R, equal to the bea 
B,-4, and at R, equal to the segment, R,-4, ‘respectively All 
ments cn the base lee R, R, are , are positive and ‘tian below, are negative, i 
An algebraic summation of the segments or intercepts at each support 
line, such as and R, -M,, give the M- points through which the final 


¥ 
closing line, R R,, can be drawn. The writer suggests that the sum- 
‘mation of the ) moment intercepts on the | Support or ‘R- lines can be easily an and ats 


accurately accomplished by a a good pair of dividers. 
Re. The difference between the ordinates of the simple beam moment diagrams Cp 


those of the diagram, R, M _M, will give the e resultant moment dia- 
gms shown shaded in Fig. 81 a _ All areas above the closing line, R, me 
M, Rut give positive moments and those below, negative ‘moments, 1 The i inter- ey 


<< of the final closing line with the simple be beam « curves gives a ‘points Le 
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“Fig. 84 (a) shows the solution of assuming ow alll 

the continuous girder to be fixed. The graphical construction is identical — 

eae with that of Fig. 81 (a) and (b) except that the initial fixed points are located af = 

= on the first and last trisecant V or U-lines instead of on the extreme ends of the ‘* ‘ihe 

girder. The moment closing lines are located by passing through the proper | 4 

intersections on the fixed point or extreme Jy or 


vet 


i 


5 
i=] 
i=] 


‘ point is is located R, and. — in proportion to the: degree of fixity 

considered. moment closing lines are then drawn passing through: the 

proper intersections on the fixed points, ‘the ‘Procedure is similar 

‘The advantages of Professor Ritter’ when compared with the 

authors’ system using» conjugate or characteristic points are as follows: 


4 
one  (a).—Elimination of the computation for moment areas and of dividing “a 
‘them by the e length of F span; also. of the computations of the centers of gravity 


of the moment areas, which for some conditions of loading become rather com- a 


plicated and laborious. The elimination of computations lessens the possi- 


Te the method ‘advocated by the writer the ) influence of each load 
_ relative to the effects of moments on the entire continuous girder | can be readily 

ascertained and visualized without additional operations or separate dia- 

grams. This advantage i is particularly valuable when investigating a contin- 

girder. for live loads on alternate spans or for unbalanced lending: also” 

“for moving loads and the construction of influence lines for them. For the 


in irder 


general ‘solution ‘and the construction of the influence lines the of 


—_— Ritter* are doubtless much simpler and shorter than those advo- 


cated by the authors, 


7 
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we, 
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ing and for varying spans the “pennant diagrams” become 80 » flattened 


angles so acute that the intersections locating the conjugate points are very 


-+-- ‘o— -— —l=18-0— - o 


- For the determination of poner and reactions, the following method w ‘ill ae 


be found advantageous. (Fig. 81. (ce) and (d)). "The continuous girder may 
considered as a series of cantilevers over the supports, with simple suspended ; 


_ pens hung at the Points of contraflexure. _The total reaction of any support 7 
would then be the total load on the cantilever plus the reactions from the = 


= adjacent suspended spans. - The point of zero shear i is located by constructing 
5 huge ordinate through the point of maximum positive bending moment. Fey 


‘In the design of continuous beams proper consideration should i. given = 


4 
ea the 1 maximum positive moments d due to partial or unbalanced loading of the 


For ordinary conditions the writer suggests the following rv rule: Design 
full ll moments at at the supports ts and for four-thirds of the ‘Positive moments — 

between the supports for all spans fully loaded. 3 Where unusual conditions 

4 of loading occur, the positive | moment between the ® supports must be care- os 

_ fully investigated + as it may exceed four-thirds of the | positive ve moment for all We 

7 ag fully loaded. The graphical analysis suggested by the writer provides es 

or quick and easy investigation for ‘partial loading for the momen moment | . effects ot Yioll 
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renee _ The suggestions given en in the » paper for solving problems involving mem- =f 


mee bers with varying moments of inertia and ‘statically indeterminate frames 
ean be applied in like manner to. the graphical analysis” advocated ‘the 


= _ writer. _ The authors’ graphical cnniitrastian as an aid in the solution of see 4 
= ondary stress problems is rather ingenious and worthy | of much consider bY 


tion to those interested in investigations of secondary | stresses. 
oe Ati is unfortunate th that the b building codes of many | cities lack proper regu- 


larly continuous beams, in reinforced “concrete construction. The ‘ ‘Tule-of- 4 


cf | 

thumb” methods for ‘computing the bending moments of ‘continuous beams 

4 

ditions of degree of ‘restraint, are ‘illogical and inaccurate, and 

a It is hoped that this excellent paper and other "suggesting q 


om ethods of reducin laborious mathematical work will be | incentive to 

engineers to give more consideration to problems inv olving ‘continuity and 


at 


Proof of Graphical Analysis of Continuous | Beams. Consider a contin-— 
es uous beans over five supports, ‘ana assume the second s span to be loaded by the ~ 
> .-"se loads, 1, 2, and 3 (Fig. . 85 (a)). The reaction, d, is then negative : and the be 
ag mo moment over the support, d, is The moment areas are, as follows” 
In the second span the area equals the: positive moment area 

; m ae the simple beam, be, reduced by the trapezoid, bb’ cc’, which is divided into . 


~=4 


, 
__ two triangles by the line, be’. In the thied ‘epen the moment area | is equ 


AS to ‘the. difference between the two triangles, c’ ed and ¢’ d d. In both end spans 
- the moment area is ) always a triangle (for loads on the interior : spans only). . 3 
‘the center of gravity of the triangles. and of the simple moment 


of the loaded span, Fig, 85 assume the elastic forces, W, 
Cites 
in a positive or negative direction, ‘and draw for these the elas- 


tie line. The elastic line of a beam is obtained by considering the moment _ 
ar rea as a load and | drawing the funicular and string polygons. me ig. 85 (ce). 


and (e)). . From the shape of the elastic line the following important rela- 
tions” are obtained: In the unloaded ‘spans the ‘points of application ¢ of the 


a ¥ es - forces, W, lie on the third points (Fig. 85 (b), centers of gravity of triangles); 


intersection, b, of the. component of the outer Ti lines of the bending dia- 
@ J 


= gram (which touch W, and W 2) lies on a perpendicular which i is derived by 


rs 8 interchanging the third line, — and —2., of the res respective s spans (Fig. 85(¢)). 


s “Tb ‘This perpendicular is called the reversed. third line. In the same manner, 


a. Me and W, intersect in the point, c,. Thus, the different angles or or corners: 


of ‘the diagrams lie on the third lines except the corner rat W, 
| 
3 *Taschenbuch ftir Bauingenieur,” E. Max Foerster, Fourth Edition, pp. 361-368; 
a Fe “Anwendungen der Graphischen Statik,” C. Culmann; “Der Kontinuieriiche Balken,” 
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no matter how the second span is loaded. to ating 
“in 9—Fig. 85 (d) shows the left-hand part of the bending diagrams enlarged _ 
from Fig. 85 (c). The corners of the triangle, 1-2-b,, lie each on a fixed per- a 
pendicular and two of its sides run through fixed points; therefore, the third — . 
side must also go through a certain fixed point that is in the same relation — i 
of the two other fixed points, ‘This condition holds for the other spans and ¥ Ni 
thus ite can be proved that i in every span of a continuous beam there are in a ol 


a | : 


1» is zero for all spans to the right, and the 
moment in ‘any point, left support, 
pee is a Senet the a or fixed left point for the first span; the right su support: ‘is 
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: "4 running through the fixed points (the fixed lines), lie the zero moment points 
and the turning points of the bending diagram. 

ae - $.—The fixed points (Fig. 86): Draw the third lines in all spans and { from 
— =e Be the left support, a, draw any inclined line by which the second third line of 
es - span, hy and the reversed third line of the secon 

od points, 1 and b,. Then draw any line through the points, 1 1 and b, and pro 

a a duce it to its intersection. (Point 2) with the first third line of the second 


span. The intersection of. the line connecting the points, 2 and b,, with the 
horizontal will establish i, fen firet fixed i- point of the second open. (if Starting, 


we 


metrical ‘about this line. 


/ 
le 


common intersection ent 
__4—Cross ‘lines and moment ~The connecting lines between t the points, 
and ¢”, and of the points, and (Fig. 85 (d) the intersection of 
2 2 4 
which, Point 3, isc on the center- of- feravity line ¢ of the simple > moment & areas 
of the loaded span, are called cross-lines, After the fixed points are estab- 


lished, calculate the area and center of gravity the 


from. the: perpendicular ‘and "divided by one- -sixth 


the square of loaded gives the length, b,” ‘and 2”. These lines 


For a or 


construct the simple beam moment diagram, b Se area of 


Its center of gravity is — (1, + 2) from the support vertict 


— 
4 
static 
4 
ka ete, found by starting from the right 
The fixed B-potnts are ky ete, d the left. In spans | 
tion, e, and proceeding in the same manner towar 
A 1 ter line o oi Jor the ond k-points Hie shee 
— 
— 
— ‘The 
or] 
— 
— 
— 
telat 
cross the ond c... Connect these points, ( 
e aes the support perpendiculars at the points, b, and ¢,. | ives the total moment | 
Db, and ¢,, with the fixed points of the This 
4 is ot 
— q 
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‘ a The static moment of this area about 6 is — I, h (1, + 2). ’ Dividing this 


datical n moment by ~-, the value of the thereat’ 6 is foun 


be The value, +, used to obtain the intercept, b b”, is found as follows: Call 


the ratio of any moment area referred to that of a particular span considered as. y 
standard . Let Hbe an assumed pole distance for a funicular ' polyg on ‘wherein 
the moment areas are considered as loads. Fig. | 85 (e)). od 9 to 
“ Assume the following relation : rH= The selection of this equation ox 
involves an important relation in the following construction in Fig. 85 (c). 

The intersections of the sides, 2-3 and 8-4, of the string polygon in the second — 7 


or loaded “span with the perpendiculars produce intercepts which, 


Fig. 85 (b) the load, Wy represents the area of the and 

x x is equal to the area of be 
ative to the left support, is - The moment, 


equal to the product of the pole distance, H, and the i intercept, (F . 
g the two. expr ressions and substituting r r H for -, the following r ae ee 


= 
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by in Fig. 85 (d) is to b’ in Fig. 85 (b) and, likewise, ¢ -alon 
Fig. 85 (d) is equal to cin Fig. 85 (b).. js si 
ee: iM The intercept can can be easily found graphically by la aying off i in. n Fig. 83 the ot 2 
distance, l,, to the right of the point of concentration giving the point, n, and a fe 
drawing” the line in nSb”. By similar triangles is obtained the ‘relation, 
hoi: The ‘remainder of the construction is found as a it 

bare Water Rup PEL,* Assoc. M. Am. Soc. C. E. “(by letter). —T he graphical ( 
ee i method for the determination of the moments in restrained etal continuous | 
beams, presented by the authors, is indeed an excellent one. Iti is unfortunate 
however, that under the impression that they had something nev, 
Bees they engaged in the great amount | of labor required to develop the method ae 
independently and “succeeded only in doing what Fidle published more 
than forty years ago and Ostenfeldt simplified more than ten years ago, | 


we is With the ingenuity the authors have displayed, they could certainly have | 
added a a ‘great deal more to the advancement of methods of design had 

: been aware of the earlier work and commenced where Fidler and Ostenfeld 
off. . The paper is s nevertheless a valuable addition to engineering liters | 


of more or less inaccessible publications. "The writer's attention was 
first called to the method by the paper§ by F. E. Richart, Asso soc . M. Am. Soe. 
> rR and Ww. -M. Wilson, M. Am. Soc. O. E., and he has tied it to goal 
ae advantage since then, particularly in a form extended to the treatment of 
continuous beams of varying moment of inertia, in the design of parts of the 

Estuary Subway, Oakland, Calif. The writer will not dwell on the similarity 
ae 3 of the authors’ ' method with the earlier ones. That has b been well covered by 


Professor Richart and Mr. Cotten in their discussions in which, i in “additions 
ae they point out J number of ‘geometric conceptions which “clarify the method , 


— 


Trapezoidal Frame. —The authors touch lightly the solution of 
a ae in w which there is a displacement of the joints such as would occur in the st struc 
a. ta ture ire shown i in ‘Fig. 16 if subjected to a horizontal load. T he “ ‘small secondary 
correction” of which they speak may be greater than ‘the stresses before cor 
a “s rection, if, for example, the horizontal load were > acting alone at one of the 
ar upper joints. ib he only | stresses then, neglecting dead load, are those due to the 
_ displacement of the joints and there is no limit to their possible magnitods 
The authors refer the reader to Section 17], , but there they fail tos state in n whit 
fe manner this problem. may be solved since the deflection of the joints is wh 
ae kuown. This problem puzzled the writer for some time and he has not been 


Ps ii Minutes of Proceedings, Inst. C. E., Vol. LXXIV, 1883, p. 196, and “A Practical 
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edt the members of the on are of uniform of ineetia the use of 
a formula as suggested by Mr. Cotten is of course the simplest method, — 
but if such a formula is not available or if the members are of varying moment _ 
of i inertia some other method must be used. The writer suggests the follow- ry 
_ing g solution for a trapezoidal frame the joints of which will be displaced due 
to either unsymmetrical loading, or unsymmetrical frame, or both, bra 
edi Consider the A Bi CD (Fig. 88), subject to any loading due to the 


forces, Pr Assume a reaction, R, at the joint, C, of known 


‘assumption 1 may be determined by Fidler’s internal 


being known, the magnitude of | the reaction, R, can be » computed. qs Now, ce 


‘femove the loading from the 1 frame and supply the ‘force, acting in the 


- opposite , direction to that assumed for R in the first step and force the point, eS oa 
4G, to deflect a unit distance i in the direction of R’. _ The deflection of B and CO, ae 
perpendicular to the various "members, 1 may be ‘computed or 
graphically. The moments can now be found by Fidler’s method as applied vie 
to the settlement. of supports explained by Mr. Cotten. Th The computer is 
- warned to consider the signs of the deflections properly. ay Now, determine the a 


magnitude | of of R’ int the same manner as for R. It is | evident that the true — wer 


of the point, C, is times the assumed deflection due 
toR and that the true moments in ‘the frame are equal to hon found i in the first a 
“sep plus 


= 


f This process needs no proof; it should be practically self- dae 
actually been done is to apply two equal and opposite loads at ‘one of 


3 the upper panel points, applying first one with: the actual loading o on the 
- frame and then the other acting alone, to solve the two cases et Te 


writer bag ‘solved tome. in peed 
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Jone'in the quandary. Possibly the authors will explain their method if it 
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at the upper joint cancel, leaving the true stresses. 
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4 terms so that the reactions at the legs and R can be evaluated easily by wb 
Aiea Re stitution. It is to be noted that in the general case . following, that A and D| 
need not be on the same level. The horizontal and vertical components of the 


Se reactions at A and B can be determined by resolving the components, Hy, Vi, | 


q and Hz, Vp, into of desired "direction either graphically of 
a Assume R to be parallel to the line connecting AandD. 
H = the component, parallel to A D, of all external loads onthe fram, 
io “oh. whe V- = the component perpendicular to A D, of all external loads on ‘the ee 
ie teas" alba _ Mg =the summation of the external and internal moments about and to aR 
left of B, except those due to the reactions, Haand V4. 
summation of the external and internal moments shout th 
Mp loadit 
the left of those due to the reactions, Ha, Vay , and R. mast 
M, o+ Va d—Hyb=0 oh ‘van plied 
"af 
R= 
9,1 
and 
When the is symmetrical, a = b and f — = in he 


— 
4 
Wi 
he va 
- 
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Then the frame is rectangular, bf = d,andc = 6, in which case 
nd DE the values still further simplify to: Said bass rian 


The Unsymmetrical Closed Frame.—The outlined is also applicable 
to the unsymmetrical closed frame of four members under unsymmetrical — = 
ty} loading. The solution is identical, except that Ostenfeld’s auxiliary diagram — < 
- must be solved by trial since no point on the moment closing line is known ae a 
ib from which to start the construction: Let A D be the fourth member of the ( 
a .§ - frame (otherwise similar to Figs 88 and 89) and assume that the points, A and 
9 D,are not displaced. . Actually they may move in space but it may be assumed SS 
« ce any pair of points do not move with respect to each other. The reactions, 
Hy, Va, and. Hp,- Vp, may not ; actually exist. "However, they must be sup- 
Ug “plied i in the two solutions, but if the external loads balance, which they must = 
| 4 do if there are no reactions and. transposition is not to take place, their am c 
the two solutions will be equal and opposite. 
The moment closing line is determined as follows: Make a cut at JomtD 
lay the frame out as a continuous beam. Assume moment at the one 
fevered € end and draw the moment closing line. It is known that the — 
"moments at the two sev ered ends must be equal. they not come out 
equal in “the construction, the assumed value in error, Adjust it 
try again. _ The second or third trial | | should | be successful. It is to be noted — Was 


that only the P- >-points (see Fig. 92) must be found anew for each trial, the 
and Tpoints are fixed. In computing Rand R’, the moments, , Mp, Mc, 
and Mp, a are to be summed up to the severed end. 
The Symmetrical C Closed Frame, Symmetrically Loaded.—When the 
frame is symmetrical and ‘amneipioaiia loaded as is the case e for most b 
culverts not designed for moving loads, the solution is much simplified. . >. It 


is known tl that the joints will not be - displaced, , and, therefore, this part o of the ES ; 


‘solution is 5 unnecessary. It is also known that 1 e moment ‘closing line is Tg 


symmetrical so that only one-half the box. need be considered i in the solution. 


| The determination of the moment closing line by trial is aided by the fact es 
that it is parallel to the neutral axis in two of the members. ae Hen + 


ws “Introduction. — -The authors have shown how symmetrical beams of vary- “a 


_ ing moment of inertia 1 may be treated by Fidler’s method and Mr. Cotten in “eee _ 
discussion, has how both the and the unsymmetrical 
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Effect of Haunches on Bending Moments.. —In continuous beams of uni- 
Se form moment of | inertia, the cross-section is ‘usually determined by. the » bea 
‘ a ing moment and the shear at the support. W hen anh haunches are provided there 
isa considerable w: waste of material at the center. ‘Realizing this, it has often 
been the practice to reduce the section at the center by haunching the beam. 
Usually, however, it has not been the custom to take into account the effect of 
the variation of pabduionit of inertia on the ‘distribution | of the bending ni mOmenes 
By most methods it is difficult to determine the bending moments in bea 
of. varying moment of inertia and it has not been realized generally that he 
are any great changes in the bending moments due to this variation. — a 
a Lao Ona restrained beam haunches | decrease th the center bending moment | and 


che J increase the bending moment at the support as compared with a beam of com f © ine 


cross-section. In some instances the difference may become quite large 


Consider a beam under uniform load, having fixed ends, straight haunches 
= ae a one-fourth the length of the span, , and a depth at the ‘supports one and one one: | | 


half times that of the uniform portion. The center moment is only 74% : 
that for a beam of uniform § section, whereas the end moment is 18% greater. | om 
The writer has an actual case in ‘mind, ‘namely, that of a ‘reinforced concrete om 


base to 3 ft. at the top, was s increase the moment at the base by 25% over 
4 ‘that for ¢ a wall of uniform thickness, but still effecting a considerable saving 


sate upper part of the wall. Had the base been completely fixed the in- 
in “moment would have been almost per cent. Although neither of 


Crier 


led structures would have failed had the increased moment due to the hauneh 
been disregarded, it is readily seen that the actual factor of safety may be 


considerably less than was intended and yet | ‘there is a waste of material at 
ta other points in the structure. - The action of continuous haunched beams, the 


wip 


Page effect on thé distribution of ‘dicta s, and the savings i in an approach trestle 
to. the Pulaski Bridge o over | the Salmon River at Pulaski, N. Y., has been 
by E. H. Harder, Assoc. M. Am. Soe. O. E. 


leontsma 


Advantages Of _Haunched Beams.—Haunches- better accommodate the 
beam to its shearing stresses and i in a concrete beam often ‘eliminate the n 


of extremely heavy shear reinforcement. _ The added depth at the sup 

ee . port also decreases the bond stresses, making. the use of larger bars possible. The 

aa neutral axis of a haunched beam is actually curved and the ayy thrust 
SARA 

provides added safety. ‘The ability to ‘carry , shear i is also increased 

inclination. ¢ Another advantage. of haunches lies in the of the 

tresses existing at sharp r re- entrant angles as at the corners of a box, cul- 

‘Theoretically, it has been shown and tests have | proven n that extremely 


& Outside substructure wall, Alameda Portal Building, Estuary Subway, Oakland, Calif. 


re: +t “Building a Concrete Arch Around an Old Iron Bridge,” Engineering News-Recort, 
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“high stresses occur at sharp | re-entrant. angles due to the abrupt: curvature rai 4 
the neutral axis at such points.* van 9 
Baving Matertal.— ~The possible saving in material due to haunches 


varies considerably with the loading and the conditions of restraint. In the 


there beam = referred to previously with a depth of haunch one and one-half times 

often | that at the center, the saving in material is about 10 per cent. For this load- © 
eam, hy ing and condition of restraint the most economical depth of haunch is about 
et of - twice the center r depth for which the sa saving in material is about 14% over a. i. 
rents, uniform beam. There is an additional saving due to the reduction in the dead # 
eam _ bed of the beam itself and due to the eo concentration of the material in the — 
there beam nearer the supports. Yo 


In ncreased Costs Due to Haunches.—Against these savings must be b balanced 


the increased cost of formwork, if the structural material is eonerete, or the — 


com § increased cost of fabrication, if it is steel. In the case of concrete the i increase bf 5" am 
large form cost due to a straight haunch is small. In steel there is usually 
nches § economy until built- -up members must be used. 


one Improved Methods of Design—For reasons of economy, the advantages of 
a haunched beams were earlier recognized i in Europe than in the United States, 
eater. “mainly because of the difference in the relation of cost of labor to that of pan 
crete material. In Europe, principally i in Germany, the i increasing use of | haunched Be £ 
> and 4 beams led t to the development of shorter methods for their design and also to 


the the preparation of tables: to expedite the computations. a set of tables 
0 F has been prepared by A. Strassner. a Thes e tables are directly applicable to Sey 

Strassner’s own method for designing ¢ continuous structures, a semi- -analytical- _ 


wi 
ay be supports of the simply supported beam may be ‘determined, when 


_ to the moment, 1, at the support or or to certain classes of loading. - V _ When these 
tables were first brought to the wr "writer's attention, he developed ‘a number of 
5 - simple formulas by which the values in Strassner’s tables could be converted 
; 80 as to be directly applicable to to Fidler’s method an and to the ‘slope deflection ok 
- method,¢ when this method is extended to beams of variable moment of inertia. 
, | With the aid of Strassner’s tables and these formulas the writer has now com-— 
oan j puted a new set of tables which give coefficients. directly useful in ‘simplifying — 


Fidler’s method. i These ‘tables | (Tables 6 6 to 23, inclusiy. ye), and several others 


a to be introduced later, are presented as a part of this discussion (see Appendix). 


heal In par rt, these new w tables are similar to, but much ‘more | "extensive = the 
a Strassner r computed his tables for three types of haunch which have been / 
referred to in the recomputed tables as Case and III. These three types, 


See Rigidly Connected Reinforced Concrete Beams,” by 
Mikishi Abe, M. Am. 8 E., Bulletin 107, Eng. Experiment Station, Univ. of Illinois, = 

99; “Blastizitit und “Festigkeit, by C. v. Bach ; and “Drang und Zwang, Eine Hohere 
-Festigkeitslehre fir Ingenieure,” by Dr.-Ing. and ‘Ludwig Féppl, Vol. 
Second Edition, p. 248, Berlin, 1924. 
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“‘Neuere Methoden,” Vol. 1, Second Edition, Berlin, 1921. 

p. 16. 4 Bulletin 108, Eng., Experiment Station, Univ. of Illinois. 


ON MOMENTS IN RESTRAINED AY AND CONTINUOUS BE BEAMS 
aie with a fourth; introduced later in this discussion, will either ¢ cover or 
closely approximate almost any shape that is likely to be found in practice, 


~ = omenclature.—In the nomenclature to be used as far as practicable the é 


~ authors’ terms have been followed. et Others are as used by Mr. Cotten in his 


a Some additional terms have been introduced by the writer. 


minimum moment of inertia of the member. 


3 ee i tate I’ = maximum moment of inertia of the member (at the support). wf 


_ ba _ I, = moment of inertia of the haunch at the distance, «, from the 


he = depth of haunch corresponding to 


as = ratio of length of  haunch to span of 4 


ie an ep’ wieus = an exponent indicative of the degree of « curvature of the haunch 
eee W = any concentrated load, the total uniform load, or the total tals 


the distance from ‘the left support to the left characteriag 


v distance from right support to the right charac- 
4 ssp = A’ EI = area of the - diagram for M = 1 at the left support 


of the beam of the unit span having E and I = 1. oneal 


A” E = area of the —— - diagram for M = 1 at right 


port of the beam of the init having and = 


I 
sat ofthe ot point when and we 
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support It is not quite tangent to the 1 ‘uniform part of. 

a are given so that the shape may be reproduced or ta fitted to a er haunch. * ean 4 

- 


Case II —Straight Haunch. —This type of haunch decreases: 


Case III. Parabolic Haunch.— —This is a 
the vertex is at the beginning of the haunch and | the curve is tangent to dll 
Case IV.—Sharply Ourved Haunches | of Degrees 
~ (Fig. 91).—Professor Max Ritter,* one of the first to develop simpler ‘iitdhieds i 
for treating beams of variable ‘moment of inertia, introduced a formula for 
‘the variation of the moment of inertia, which, 


ars functions that could be Itis the general 


a 
‘a 
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ax. ot 


Bot ‘Fra. 91. ‘deat the ames 
ss The exponent, c, which determines the degree « of sharpness of the ¢ 
ture of the haunch usually has a value between 0.5 and 5.0 in’ practical — 
t lems and by y varying it it between these limits, the haunch can be adapted to a 
great variety of shapes. Asc increases, - the haunch curves more sharply 
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RUPPEL on MOMENTS IN RESTRAIN ED AND CONTINU BEAMS 

(Use of | the Tables.—In order to determine the moments in a continuous 

beam of varying or uniform moment of inertia, it has been shown by | ‘the: 


authors and by Mr. Cotten in his discussion, that the Position of several 
points and lines must be determined, namely, the height and lateral position 
of the U and V-points ( (Fidler’s characteristic points) and the lateral posi- 
tion of the T-lines (one o of the lines of Ostenfeld’s ‘auxiliary diagram). 
ple, For the four shapes of haunch (Cases I to IV), these points and lines may! 
ie, be located with the 2 aid of Tables 6 t to 32, inclusive. As shown by the dia 
grams at the head of the various tables, they are applicable to the 
metrical beam with h heunches at and beam with a 
lateral position of the and Vv: -points ‘is determined one of 
“Tables 6 to 11, inclusive, and with the aid of the following relation: 


‘Taine it is to know the area of the — diagram when the 
1, is applied successively at the left and right support. This: is also” 


a. found by using the coefficients aes in Tables 6 to 11, inclusive, and Table 28, 
in the The area of the - diagram for M equals 1 at the: 


‘Cotten. 


= It will be noticed d that these functions are it independent of the loading on J 
e beam and, hence the « coefficients, U, v, D, and q, obtained from the ‘tables 
fs ave been called “beam coefficients”, | being dependent only on the shape , 
The height of the U and V-points i is dependent as well 
~~ the shape of f the beam. - Coefficients for a variety of loadings have been 
and are tabulated under the heading o f “Load Coefficients” in 
‘Tables 12 to 27, inclusive, and Table 29. The heights of the = and V-points | 
‘are ¢ obtained by substitution the following formulas: 


z The =- -sign is used to » indicate ‘that the ‘oad must be divided ‘into a to 
whieh the tables for “load coefficients” are applicable. iw ons 
ty aoa Tables 12 to 17, inclusive, give the values of the “load coefficients”, s and 
as. for a concentration at any twelfth point of the span. _ Tables 18 to 23, inclu | 
% sive, and Table 29 give the values of the.coefficients for a uniform load over 
i entire span. Tables 24 to 27, inclusive, give the coefficients for a tre 


— load the holy; for other loadings, such as 
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‘uniform or triangular loads partially distributed, ete., may be found approxi- — 
mately within 1% by dividing the load into a ousher of concentrations and ia 
then using Tables 12 to 17, inclusive, or exactly as follows: Multiply the coeffi- Lo 
“cients for a unit concentration at each twelfth point by the intensity | of the ae 
“actual load at that point; plot these products at their respective twelfth points — 
and draw a curve through them, as shown in Fig. 93 or Fig. 94. The area under 
the eu curve times 12, divided by the produ uct of the span times | the lo: load considered, 


“the horizontal scale of the diagram. The area the curve may be 


by  planimeter or other method. Simpson’ rule or any one of Cotes’ formulas* 


give the area rapidly and accurately. ot wil tet ali pum 
Case Iv, “load coefficients” are given only for a uniform load over 
the whole span. The coefficients for other types. of loading may be found with — igs 


considerable accuracy by using the values given for Case I(a) and ‘multiply- 
_ ing them by the ratio of the distances from the support to the apc a 
Case IV to that for Case I(a). This relation is exactly true fora 
‘ uniform load and approximately, true for other loadings, departing more from bY oe 

the te as the loading ceases to “approximate a uniform | one and as the 4% a 
values of depart from wi unity, ‘For b= = 0.03 and ¢ = | 5.0, the | error 
the coefficient for a a central coneeminaiied is 2. 1% and will probably not ex- 
this figure for any practical beam and combination of loading. The 
approximate method is is certainly exact enough for all preliminary designs 
a be checked by an exact ‘method when the » final design is adopted if the hal 


loading i is very abnormal. 
yo geod wt wera ba 
values for r special or beams are determined, it is suggested 
that they be computed for, OF. reduced to, coefficients for a unit load on the pees 
span of unity with I and EF equal to unity. _ These coefficients will then be “a 


in the same form as those given in the writer’s tables and 1 may be. tabulated — 


fe future use in other work. mid won. of the 


The tabular interval is so chosen that intermediate values of th co 
“cients may be obtained by direct interpolation with sufficient accuracy for. any 
practical problem. | If greater accuracy is desired, a curve may be drawn 

through several values of the coefficient on either side of the desired 


‘the value read from the curve. 


Tables 24 to 27, inclusive, of f triangular load coefficients are new; their 
equivalent does a appear in Strassner’s tables. Tables 28 and 29 were com- Bi: 
_ puted by the writer from formulas developed with the aid of the work of Max 
Three other tables which the writer ‘has useful as an aid in the 
solution of continuous beams of uniform moment of inertia have been added. is 
Table 80 | gives the “load coefficients” for | a ‘partial: uniform load in various 
“positions on the span, This table was originally prepared by Mr. Cotten and y 


has been published+ in a slightly different form. m. It is here » inclnded in 1 the " 


Tevised form ‘at the request of Mr. Cotten. 


- Am. Soc. C. E., oe 
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ON MOMENTS I! IN ‘RESTRAINED AND CONTIN 
Table 81 gives load coefficients for triangular 


a gives load coefficients for trapezoidal loads and for uniform and triangelll 
i . Toads at the upper and lower limit. In addition are given coefficients for 

a = g the simple beam moment diagram for these loadings. Tables 31 and 
82 are particularly useful as an aid i in the of method to 


and to the operations of by the writer, 


; the tabular values will be found to have slight errors occasionally in the last 


in ‘the t place. In the error usually not exceed one 


am unit in the last place and will seldom be that large. ~The tables have been care- 


= fully” checked to detect errors in both the original tables and in the writers 


computations. values have been plotted in two or more curves and, for 
many, first differences: have been plotted in addition. A large ‘numba 


a values were computed from first ‘principles to check points that failed to 


plot in a smooth curve and also to detect constant errors which, the curves 


might not reveal. _ Ie is believed and hoped that if any errors remain, they 


‘The preparation of the tables has involved a ‘considerable amount of lab 
a? ; a and the writer x hopes that the » work may be of benefit to other engineers. With at 
Be? the aid of these tables the solution of a haunched beam involves little if any | 
a me additional work over that required for a beam of uniform moment of inertia s 
oe They should lead to the more general use of haunched beams. ve — a 
Application of the Elastic ‘Theory to Haunched Cc Concrete Beams. —Some 
doubt whether the ordinary ‘elastic theory is applicable to reinforced 
_ erete haunched beams in which the moment of inertia and modulus of elas- Ss 


ticity are open to question. However, if con ntinuous concrete | beams of uni- 
‘. form moment of inertia can be proportioned according to this theory, it my § WM, 
Ss also be used for beams of variable moment of inertia. Tests have shown that . E 
: s if the moment of inertia of a concrete beam be computed using the effective 3 4 
im ae and if the steel be proportioned in accordance with the computed me § 
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~All these clues | are > indicated i in their positions | in Fig. 92 and the 


writer has ¢ endeavored to resent in this discussion: 


—A direct. solution. of trapezoidal frames” with deflecting joints, by 


solution by trial for closed frames, with without 
—The effects and advantages of haunches on beams 
—A set of tables and an . explanation of their use to facilitate the solution 


Be hopes he has not failed in attempting to present the in 


> use the has made of Strassner’s in the 0 


oe: his own, has already been referred to. Without those tables, the labor would 
ae have been many times as great as it has been and the computation of such an 


7 age on extensive set of tables would probably not have been undertaken. The writer ra 
ae wishes to acknowledge the valuable assistance he has received from Mr. Cotten § 


and ‘Herman Schorer, , Assoc. M._ Am. Soe. C. E., to the former for suggestions 


\m 
and assistance the text of the end to the latter for 
aga suggestions and for bringing to the writer’s attention and making availa om 
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TABLE 28. Cozrricints For Beams or Varyinc Moment oF 


Varyinc Decrees or SHARPyess. 


ERT BS | =| 1.00 | 0.60 | 0.80 | 0.20 | 0.15 | 0.12 | 0.10 | 0.08 | 0.06 
u 0.888] 0.851] 0.875) 0.888] 0.396] 0.401| 0.405] 0.409| 0.418 0.418] 0.420) 0.428 
p 0.500] 0.367| 0.267| 0.283) 0.217| 0.207] 0.200 0.193) 0.187 0.180] 0.177] 0.173 
“10! | 0.888] 0.854] 0.878] @.880| 0.895| 0.499| 0.402] 0.404] 0.407 0.410] 0.412| 0.413) 
| 0.500] 0.400] 0.825] 0.300] 0.288] 0.280] 0:275| 0.270] 0.265 0.260] 0.257| 0.255 
2.0) u | 0.833] 0.864] 0.374) 0.888) 0.896] 0.889] 0.390 0.892] 0.304 0.396] 0.397) 0.308} v 
| 0-800) 0.488) 0.888) 0.867) 0.858) 0.853) 0.350) 0.847/ 0.848 0.840] 0.388] 0.887] q 
u | 0.883] 0.852] 0.869 0.875] 0.878] 0.880| 0.882] 0.388] 0.385 0.886) 0.887| 0.387] 
=— p | 0.500} 0.450} 0.412) 0.400} 0.894] 0.890] 0.388] 0.385) 0-382 0.880] 0.879 0:878) g 
u | 0.833] 0.848] 0.361] 0.365) 0.368] 0.869] 0.870) 0.871] 0.872] 0.878] 0.873] 0.874 0.878) 
| 0:500} 0:467| 0:442| 0.483] 0.429] 0.497] 0.425] 0.428] 0.422 0.420| 0.419] 0.418] 
wo} u_ | 0.888] 0.848] 0.351] 0.858) 0.855} 0.356] 0.856] 0.857| 0.357 0.858] 0.8581 0.858) vt 
3g | 0.500} 0.482} 0.468] 0.464) 0.461] 0.460} 0.459] 0.458] 0.457 0.456] 0.456 0.455) 


TABLE 29. 9.—Loap Corrr ICIENTS ror Beams or Varyinc Moment or INERTIA. 


~ J 
Try or VaRyYING Decrees oF SHARPNESS. 


SOF b: ras 


| 1.00 | 0.60 | 0.90 | 0.20 | 0.15 | 0.12 ont 10 | 0.08 | 0.06 | 0.05 | 0.04 | 0.08 | 0.02 
0.5 0088 /0.0969/0. 0989/0. 1002/0. 1012/0. 1022 0. 1088 0. 1089/0. 1045/0. 1051 0.1058 
0 | s {0.0833 0.0886 0. 0946/0. .0987|0.0997|0. 1004/0. 1011/0. 1018 0. 1022/0. 1026/0. 1080 0. 1034 
0 | 8 .0981 '0 .0985|0 0988/0 
8.0 |0.0888/0 0880/0 .0922/0.0088'0 .0946 0.0951 |0 .0954 .0968|0 .0965|0.0967|0.0969| 
| 0 0877/0 .0884 0 0887/0 0889/0 . 0890/0 .0892 0.0898 0.0804 )0 .0895/0.0895 0.0896} 
obtain lo oefficient oth ings, 
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TABLE 30.—Loap Cogrricients ror Beams or Unrrorm Moment or Inert, 
Loap 1. Unirormiy Distrisutep Over Various 


THE "HE SPAN. M MoMENT oF Inert. 


q 


a 


0.0301 
0.0562) 0. 
0.0779) 0.0758; 0.0722 
0.0958 0.0988} 0.0900 0.0858 
0.1088| 0.1080 0.1087| 0.0904 
0.1184) 0.1167) 0.1138) 0.1097 


0.1246) 0.1280 0.1208| 0.1165) 0.1116 


0.1275| 0.1260] 0.1285! 0.1200! 0.1158 
0.1274] 0.1260| 0.1288' 0.1205| 0.1164! 
0.1246 0.3288! 0.1212) 0.1183] 0.1146 
0.1192] 0.1181] 0.1162] 0.1186! 0.1102 

0.1117] 0.1107}. 0.1090, 0.1067] 0.1037 

0.1081] 0.1012] 0.0998) 0.0977) 0.0951 

0.0908] 0.0900) 0.0887] 0.0870) 0.0848] 0. 
0.0779| @0778! 0.0762| 0.0748! 0.0720)... 

‘| 0.0888) 0.0638 0.0625 
0.0488| 0.0484 
0.0829) 0.0827 


JO senTeA 


0. on 0.2 | 0.8 | 04 | 05 | 0.6 | at: bec 0.9 


TRIANGULAR Loap 1. Maximum at Support ExTEnpDING 

OVER m VaRious ‘Pants OF Span. MoMENT oF 


| os | 04 os | 06 07 | 0. 9 | 1.0 


0.0206 | 0.0881 | 0.0526 | 0.0648 | 
| 0.0820 | 0.080 | 0.04 | | 


fers 
| 
— 
—_ = 0.0985) 0.0908]......./ 0.55. 
0-45 1100} 0.1046], 0.0988} 0.0912| 0.0888) 0.50 |} | 
— 
— 
right 
suppor. 
0.0668 | 0.0881 | | 0.0080) 
0.0668 | 0.0718 | 0.0757 | 4 
—— 


i 
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TABLE 82. ror SUPPORTED Beam AND 


‘Loap MaxXIMuM AT RIGHT Surrosr, ReaD Down. 


a Coefficient for simple beam moment, ‘at Point. - Load 


o 
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82 22 


88 Be. 


=> 


0. 1216 0. 
0.12190. 
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se 


So 
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se 
82 82 22 
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so ss 
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a 
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-1165/0.0981|0 .0548 
-1172}0.0940)0. 


-1176|0.0945 0.0559 


oo 
o 


0.6 ng 0.4 | 0.8 | 0.2 
5:94 4.98) 


Coefficient for simple beam moment at Point. 


— 

— 

— 

— 

— 

0.8 | 0.4 07 | 0.8 | 0.9 

300 0. 1050|0. 1050|0.0800 0.0450| 0.0888 | 0.0838 

2/0.1044/0. 1196/0. 1250/0. 0.0830} 0.0838 

785|0.1088|0. 1192/0. 1250/0.1 0461) 0.0828 | 0.0839 

779|0.1081 1100/0 1250/0.1 0463) 

772|0. 1026 i 

768/0.1021 45 

762\0.1018 46 

Load Triangle. | Infinity. 1120/0 0.0778 | 0.0889 
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ON MOMENTS IN CONTINUOUS BEAMS 


= Ese. (by letter). —The authors’ method is "excellent 
fer as dead load is concerned. As to the live loads, the ee does not differ | sti 
= much from that of fixed soon as a span is not loaded the. “conju: 
Sg ™ points fall into the beam and are called fixed ot ee 
— writer developed ed a method which | allows the use of tabulations 
a a. can be made for e every possible case, no ‘matter how many spans s there ”p 
are, whether they - equal or not, or whether the moments of inertia vary be 
span to span. . This would seem to be impossible, because the cases to 4 
‘The writer's method is hesed on the fact that every multiple- span 


oa tinuous beam can be conceived of as an aggregate: of 2 and 3-span | "beams. 


According to the paper, to determine influence lines every span 
Consider, for instance, Span 1 L-R ‘in Fig. 95. i 
If the two ‘moments,. M1, and Mr, over the ‘supports of the span are 
found, the moment diagram i is determined inside and outside the ‘span. 
the loaded span the moments spread through the farther fixed points of 
Baye, 2 the successive spans. To determine these two moments is a laborious task | 
Instead « of determining them consider Fi igs. 96 and 97. (3 
ss Rig. 96 shows how to develop Fig. 97 from Fig. 95. ry Fig. 97 represtil “ 
ia a 3 -span n beam. . This 3 3-span beam is equivalent 1 to the mutiple-span beam - 
es for the case when Span . L-R is loaded. In other words if Span L-R is loaded ee ' 
5 as a span of the multiple- “span | beam, and if it is loaded the same way as ‘the Pi 
middle span of the 8-span beam, i in both cases the ‘same ‘moment diagram “for 
a Span L-R will result. This may be shown sceniay as follows: The problem ‘ 

an n-span beam is to determine the n+ 1 components of the load. 


problem i is reduced at once by recognizing that the resultant of Re and Ry 


reactions i in Supports G and E ) must pass through FY’. As is shown i in the 
‘paper the moments the fixed points : are zero, wherever the loads m may 


an. the loads must be outside the span to which the fixed bs belong 4 . 
/ if it is a left fixed point, the load must be to the right). eS yey &§ S 
is i it possible to get at F,’’ moment that equals zero? from Fy’ 
are Re If their moment relative to. is zen 
the: load: may be: between: and | it shows that their r resultant 


‘passes through eh Hence it is only ‘necessary to find n-reactions instead of 
Sa +1. For spite reasons the resultant of Ra, Re, and Rp goes through Fy 
and the resultant of Rg, Rg, and d Rai is in ie Ap . Therefore, only four reactions 
be found instead of n + the moment at L is “the same 
as if it were considered as the moment of Re, Rg,and Rp or as the moment of 


_ the resultant of Re, Rr, and Rp, ‘Hence, the problem of the st beam is 


reduced to that of a 3-span beam, 


—" Considering the non-vertical dotted lines in Fig. 96 as pane poly: 
 gons for the r reactions | acting in the vertical dotted lines, it | may be noted that 
ae 4 the first and last rays are horizontal, which shows easily where the resultant 
; ae of the reactions are. Thus, the fixed points are more than’ an imaginary hinges 

aS: _ They play statically the same réle as the cable of a ‘suspension bridge, or the 
line of resistance'of an arch, 


Structural Steel Detailer, Am. Bridge Co., Gary, Ind. & 


4 
a 
— 
— 
A 
— 
4 


The foregoing statements show that for every loaded span there may be sub- 
stituted a 8-sp -span beam. The middle : span of this ns 3-span beam» is 


= 


F 


Fic. 97. 


‘Therefore, to n-span beam, ‘it is necessary to compute n-2 
b d two 2- be Si f leulati 
| %span beams and two 2-span beams. _ Since as far as calculation is con hic , 

| _ cerned there are none but 3 and 2- span beams, furthermore, since in these Oe 


2 and 3- -span beams only | one span is loaded, , it j is both worth while and easy 
* The 3- -span n beams may be studied with respect to their hed points. et 
: compute i, in Fig. 98, two relations are known. The first is given by the — 


+ In) + Mr i= 6) oy 


dife — 
ports of the 3- 
ition beam are fixed poi 
the of the »-span beam, namely, the 
span to the loaded pans. If th ar- 

beam » that 18, if a side s only one neighboring 
- 
lay be = 
zero 
ula 
aa 

same = 
ent of Ope a 
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ie bib Re is easy to remember tention, £100). The members, 3 and 2, are to be 


remembered from the fact that a multiple-s ‘span continuous beam, as 


proved, is an aggregate of of 3 an and 2 2- span beams. Furthermore, if = 
It will be shown how it is possible to prepare for the 3-span 
— beams. _In Fig. 99 load Span L-R (the middle span) with the load of unity. Tis 
this case according to the ‘Theorem of Three Moments: 
a: aim @) lm 


¥ 


| 

Dividing Equation (101) by 2 is and Equation (102) 


9 


a 


- (104) 


ar 
a 
— 
— 
— a 
q 
— 
= 


wha 
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and correspondingly, tet 


Equations (103) and (104) become, 


-(106)* 


Dividing (107) by E Equation (108) and taking, 


6 


1—3y, 


___ As soon as A, and A, are known, the seeblons § is statically determinate and — bss 


the middle reactions, at points, . L and R (see Fig. | 99—these reactions are like- se 
(115) 
* The writer did no 


—— 
as 
— 
| 
a q 
tobe Taking M; = A, 1, (see Fig. 99), then, 
| 
_& — 
— 
a 
. (101) 
(102), 
2) 4 
(108) 
4 
ne, 


tabulating Equations (111), (a); (115), and (116), the designer can 
. Po determine the influence lines for A;, A,, L, and R. All the designer has to do 


ee. is to determine (1) the fixed points of the multiple- span beam; (2) the fixed 


points of the 3-s “span beam with the formulas, i= — 

7 and (3) the relations, y, = — and 6 For these ‘pani 6-values 
the: tabulations will give the corresponding nl, R. By knowing 

“5 

four influence lines the designer c can answer ev ley possible. question rela- 
tive to the n-span beam. _ This will be shown later by a definite problem. — 


Generally, the fixed points of the 8-span beam are not identical with the 


fixed points of the n-span beam. > This, of course, involves extra work, because 
could be prepared for the relations, : L=1: _ However, 


re fixed ‘points of the 3- -span beam, which are secondary had; points of the 
n-span beam, play an important and beautiful réle as will be shown. - 
For the 2- apen call the span and the unloaded | span 
‘The 1 middle ‘reaction is called A,,, that for loaded span, and fog the 
unloaded: owen, dc The secondary ‘fixed point in the loaded span is deter 


so if by ing a from A, | Pal 


a 


(lg 


= 5 (unit 

= 9, 6, and = shows how to the 

i fixed points graphically. ‘ The writer determined the fixed points: analytically 
— used the graphic as a check. "Consider first the case when 
ee a is loaded. The equivalent | 2-span beam is shown in Fig. 100. The spans 


af determine the secondary fixed point, 


one 


= 0.872 


5 


q 
— 
— 
2 ¥ 
— 4 
— 
...... 
4 
14 These three equations will be expressed 1n tabu 
¢ 
ae 


Those i: 


33.—VALUES FOR y 


ie | 9.028] 0.028) 0.080) 0.028] 0.026] 0.021 
: 0.865, 0.470) 0.568) 0.661] 0.750 

0.460) 0.365] 0.271 


0.440) 0.540) 0.635) 0.729 


0. 0.097| 0.081! 0.068) 0.054! 0.041| 0.029 


4 
(+) 0.000] 0.118] 0.280] 0.387 


al 


fl, is loaded, ‘the « equivalent 3-span beam has the spans, = 5, Im - = 
: 4. 714 (see Fig. 100). Ime means left ,m, I middle, and r, , right. vig 


The fixed points 1 may then be 
fixed point of the beam l, is in both cases” 


For = 0. 985, the values are as given in Table 


ve 


— 
0 | 0.1 | 02] 03 0.4 | 0.5 | 0.6 | 0.7 0.8 | 0.9| 1.0 
‘alues 0.015 0.08} 0.00 
ix 0.918] 1.000 — 
0.820, 0.910, 1.0000 
h the 
— 

a. 
(unit 
1e the 
ically 
when 

a — 
an 

— 

i. 


TABLE 34 —Vauugs For FOR 5 = 0.985. 


ai 


383 

sessss 
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oe 
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FO 


£38 


© 


© 
© 
S322 


= 
8 63 


888822 


8 


° 


iif l, is ; loaded, the spans of the equivalent 2 ‘span beam are: Ty 


secondary fixed in hi is, 


— 
— 
_ 
& | 0.000 | 0.080 
tq L (+4) + 1.000 | 1.023 92 00m 
 L—At (+) | 1.000 | 0.984 64 | 0.000 
807 | 0.252 | 0.185 | 0.108 | 0.009 
is loaded, the spans of the equivalent 3-span = 6.811; 
_ (identical with the fixed point of the 4-span) =, 1.286 
For § = 0.885, the values are as given in Tabl 
=| 0.0 | 0.8 | 0.4 | 0.5 | 0.6 tes be: 1.0 
0.000 | 0.082 | 0.052 | 0.062 | 
(—) 0,000 | 0.021 | 0.044 | 0.067 | 0 3 
1.000 | 0.951 | 0.875 | 0.778 | OME | 
A 1,000 | 0.919 | 0.823 | 0.716 Om | 
R — (+)..| 0.000 | 0.081 | 0.177 | 0.284 OM | 
0,000 | 0.085 | 0.068 | 0.087 | 0 
0-988 | 0-87 | 0.284 | 0 
— 
= Bory 0.201, the values are as given in Table 
* For the sake of convenience the writer tabulated L— A, and R—A, for the 
3-span beams and A,, — A, for the 2-span beams. These values are needed fot 
2 
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if 


o 


the determination of the moments inside Th 


, will facilitate the work prety. a 


by gives the of applic ation = L —A, The 


is to from L to the right. , the distance, 1, 


is the ie of application | a the resultant of R and A,, nei is to be measured _ 


R to the left. The has similar meaning and is to be 


scaled from to the loaded span. These distances may be scaled vertically 


ii For the inside s spans of the multiple- span beam there are two curves. To. 


get the lower one, for inatance. for 4, multiply the values, ———'—., by ], 

‘Thus, this is the influence line for ‘the location of the resultant of 
Ay. 


by y multiplying 


Dt 


Ne 


7 


at 


vertical between the lower and upper curves show sim nple beanis' 
“the left reaction of which is L — Ay and the reaction, A For every 


oiwac 


“position of the load there i is a simple beam. The position of the load on these 2 


: simple beams i is shown by the straight line drawn at 45 degrees. These simple ri 
beams change their positions and their lengths. 


0, the left end of this be beam is at Point Ast the load 
5 the right, the left end of the beam ‘(point of application of the resultant of ome 


forces and A,) is moving t to the ‘Tight too. Finally, the load in 
R. In this case, a= Tables 34 and 85 show he 


— 


— 
— i 

vids 
— 
| | 00] 01] 08 | o4 | 05 | 06 | o7 | 08 | 09 

‘ales —)iengeral . . .045 | 0.049 | 0.048 | 0.043 | 0.085 | 0. . ——— 
0-000 | 0-148 | O:278 | 0-800 | 0-407 | | 0-686 | 0-700 | | | 
1-000 | 0.878 | 0-764 | 0.656 | 0.888 | 0.488 | 0.858 | 0.266 | 0.176 | 0.087 | 0.000 
| — 0.000 | 0.122 | 0.286 | 0.345 | 0.448 | 0.547 | 0.642 | 0.734 | 0.824 | 0.918 | 1.0000 

| 0.000 110 .088 (0.070 0.048 0.080 0.014 0.000 
dq plying 
We 
; bee: 

4 
| 


8, indicating that the second of of the n-span 

beam ‘is or, in when the load arrives in the right 

middle support of the equivalent 8- -span beam the point of application of th 

ao, resultant of the two left ‘reactions, Ay and L, is in the left fixed point of the 

Pup) a equivalent 8-span beam | (secondary fixed point of the n-span beam). Similarly, 

Pee if the load i is in Point L, . the ‘Tight end of the ‘Simple beam (point of applies: 

Pye ae tion of the 1 right r eactions, Rand man is in n the e right fixed point of ‘the 3- -span 


q 
Le 
- 


= 


be 


(Fig. 102 (a) to Fro: rom theory of points the will 
pass through Point K (right fixed point of the middle span). Fig. 102 (0) 


and (c) shows the ‘resulting 2- -span beam. As ‘the load i is Point 


stressed and thus the right end of the simple beam is at K or at the in 
a point of the middle span of the equivalent 3-span beam. wear: ai a 


Eye The influence , lines of Fig. 101 will facilitate the work greatly inside the 
‘span. The tabulations give the reactions of the simple beam; Fi ig. 101 shows 


the aetemine of any section from the reactions and from the load if it is de 


sired to determine influence Hines for moments inside the span. noe 


ever, that every quantity has its own multiplier ; and, ‘correspondingly, on the 

right from, the loaded span, = similar relations hold. » 
To determine, for instance, the influence line for A, . (Fig. 101)—as long 


a a ae as ‘the load is between A, and A, the » influence li line ; for A, is ‘identical with 


i} 
Anas as given in Table 33. Bi the load ‘is between A, and. A, the influence line 
A, is identical with Ay, as given in Table 34. If the Toad j is between A, 


a A, the influence line for _ is that for as given in Table 35, 


Without using higher mathematics, it can be shown statically tha this 
— I 
— 
4 
% 
— 
— | 
— 
— 
— 
— 
wel 
a 
— 
— 


> (if J, is loaded, the — left is isin outsid 
reaction, Ay is the » resultant A, a and 


As soon as the fixed points are and mate, everything 


R 


more e complicated i is ‘computation variable of 
inertia. If the moment of inertia does not change inside the span, in 1 order — 
to use the tables, determine the fixed points of the n-span beam n times. 


i the moment of inertia of the loaded span be I » and that of any other span, 
ae » multiply every span length by the corresponding —. Thus may | be obtained — 


for ‘every loaded span a d different r-span beam. After the n-span is found ‘ ba 
the method is the same as before, 
For uniformly distributed loads the be integrated. 


For insta nee, by remodeling Equat 111 chan 


in this | 
n-span 
— 
of tis iam 
nilarly, ae 
pplics- 
j 
ii 
— 
02 @) 
oint 

load 
e right ~ 
ide th 
— 
i 
on the 
and for a 
which values might bo tabulated. 


he Values, A;, thus obtained are ¢ multiplied, ‘of course, by the load. te 
3 if all the > Spans are equal, the influence lines may be taken from the tebe 
lations without any work, because in this case the fixed points and, 


2 consequently, the equivalent beams are known i in advance. 


(1) There never will be a for dead loads than that of the 
which is built u up on the broadest mathematical vision. 


2 
‘The writer’s s original problem was: are the points of 


of certain groups of reactions of an n- -span beam? 


(4) The writer believes th: that ‘this is important fc for “every kind of 


H. Nisuxian* anv D. B. Sremaan,t Mempers, Aut. Soo. 0. E. (by let 
—The generous number and | quality: of the discussions elicited by 
ss paper have been gratifying to the writers as an evidence of the interest evoked. 

pee. That the paper has filled an educational need is indicated by the fact that it 

aa has already been adopted as a required text in engineering classes and by 

a Riad the requests that have been received that it be made available in pamphlet 

 & = form for the use of students. That the method has filled a practical need is 


evidenced by its adoption by in their office practice. vite 
ay. a, The discussions have supplemented the paper in fulfilling its main pur 
_ Pose, namely, to make available to engineers: short and easily applied methods 
= the design of continuous beams and frames; further, “they have brought 
ae . forward interesting comparisons between European methods and those devel 
oped by the writers. The European methods, however, were not available 
wee in current American literature and were known to few engineers. The dis 


cussions added to the original paper make up a valuable symposium om the 


4 Graphical methods are superior to the 
that have been generally available to the busy designer, whether he used 
analytical methods or empirical coefficients of building codes., In directial 


attention to the availability of such graphical ‘methods, and in presenting the 


| 


various methods for the analysis of indeterminate beams and frames 109 
The writers believe that their method of conjugate points offers advan 


~ 


é 

| 

| 

— 

| 

a 

| 

: 

‘ 

| 

| 

| 


sta method 


_ the writers’ method of conjugate points. That various constructions de- 

€ vised for tl the solution of the same problem would develop points of resemblance 
or correspondence is naturally to be expected. The principal distinguishing _ a; 
— is s generally the method d of analysis | and the viewpoint from which the 


“topes of the ehiatie curves at the respective supports, was not developed > 

the: writers. This” interesting g and useful fact is ‘apparently the basis for 
In to Pro fessor r Richart’s ‘discussion of the method, Mr. 


ee Mr. Doerfling and Mr. Beanfield as well as. as Professor Richart rt suggest that 


ft is preferable to locate first the projections: of the “conjugate ‘points on on the 
i base line (“fixed points”) rather than to locate the conjugate points directly. a 
The solution of hundreds of problems by the method of conjugate points has” =ae 
jot led the writers to that conclusion. In those cases where the usual pennant Ss te 
oeyeem does flatten out too much, it i is a simple : matter to draw one at ee 
in order to locate the conjugate - point or the vertical c on which it lies. This 
- fenibitity of the writers’ pennant diagram construction is illustrated in Figs. 
Mr. Whitney has presented an ‘method | for the solution of con 
tinuous beams. To those who prefer such a method to the graphical, this 
should prove In some intricate problems a ‘combination of* the 
3 > alginate and graphical methods with Fidler’s physical concept of the U and oa 
ilable Godfrey’ s discussion appears to go somewhat at tangent; but the 
dmitting of some truth in his statements as applied to present-day concrete 
does not necessarily lead to discarding the ‘Theorem of Three Moments. I It 
is still the best average ‘obtainable. If two ‘apparently identical ‘specimens 
showed variation of 100% in important structural properties, the 
4 


conclusion should be not to use that material at all. Mr. Godfrey does not 
" recommend that, judging from his statements. — The writers do not beliéve 


that concrete made under the present knowledge of the art will result in a 

_ The writers’ attention “has ‘been directed, through the courtesy of ae 

Gould, to a report of tests made in Germany on ‘full-sized « continuous beams 
of ~The results of these tests have been by 
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P they have been able to develop, the writers iia 
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points is quite different from Fidler’s method and from the other methods 
¢a.8__ The physical concept pointed out by Professor Richart, namely, that the __ fi — 
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in the different ments varied only 3 to. 5% from the theoretical “relative ‘a 
flections calculated for the same spans assuming homogeneous sections, 
Since the bending ‘moments depend on the: relative deflections, these per . 
centages would express the error, from all causes, in the calculated bending 

moments. These findings from actual: tests s should effectively answer ‘the 
- a raised by Mr. Godfrey, as well as those raised by Mr. Turner, 


against the theories of continuous 


tis 
eh Mr. Godfrey likewise attacks the theory of secondary stresses. The devia- 


tions of measured secondary | stresses from calculated secondary stresses, cited 
os him, hardly bear out his argument that ‘secondary stresses should be ignored; 


of secondary stresses is unwarranted. This pre te 


_ vides the justification for the writers’ effort, in this | paper, to introduce the 
ae Spitzer feels that the ‘ ‘margin of carelessness and poor work” ” is 


ee: cut down by more accurate methods of design. . Although | favoring a much 
> more » extensive and thorough inspection of concrete structures than is prac: 
ticed at present, the writers do not feel that more accurate methods of design - 


reduce the safety factor, but rather that they "produce 


Turner raises the question of “rhombic distortion”, apparently refer 
ce ring to shear deflections. - Undoubtedly it would be possible to devise some 
graphical method for designing continuous beams with due allowances for 
shear distortions. It would have practical value only | in . short deep p beams. 
For beams of “the ordinary ratios of length to depth, the sheer correction 


In discussing two-moment equations for concentrated loads or unequal 


‘Spans, Mr. Turner states that: “* Sak A oT the negative moment over any in- 
terior support equals the numerical sum of the adjacent positive center 
“a moments between supports” . This cannot be generally true, therefore some- 
thing else must be meant. Mr. Turner al also states that: “Shear distortion 
a ‘increases the | deflection of the simple beam but reduces the deflection of a 
continuous beam”. This statement does not sound reasonable. The work 


r= hae equation does not permit one to believe that any distortion reduces the defleo- 
only conclusion to be drawn analogy of the springs is 


the simple beam, of course i is true. ‘The writers do not believe 
the usual structural problem, any further refinement in calculating 


F - ae _ Professor Cross senses the real purpose of this paper, namely, to present 
subject to to American engineers in a concise form developed along original” 

lines. from pr primary y principles as distinguished from a translation or com 
Pilation of existing literature in other languages. ate 
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of the two-post trussed beam mentioned by Mr. Higgins 
is much more involved than appears at first glance. Consideration must 


ogy the end moment due to eccentricity and to settlement of supports 


‘ions, 

per- - due to sagging. ‘It readily yields to ‘solution by the graphic methods pre- 

+ the 

ner, 

ner, 

uous | «time is required to make a correct design than by the use of 

| cients. 

levia: coeficients might give a rational but for 

cite dition a satisfactory and economical design will not result. Mr. 

ored; criticism, that the application of exact methods to haunched beams of the 

n the magnitude of the beam given as an example is hardly justifiable, is well 

pro taken. ‘Unless: there are a large number o* identical beams, such refinement 

e the may be unwarranted. The tables presented by Mr. Ruppel should prove 


n helpful in ‘applying the graphic method to the solution of any important 

‘The multiple-story problem presented by Professor Derickson will nat- 
much | urally be involved ¢ since so many elements have to be considered. For a a 


prac tical purposes, the moments in 1, (Fig. 45) can be obtained closely enough 


lesign by assuming the far ends of he» hg, and 1, as fixed. obs 

tures | «Concerning the moment of inertia of reinforesd concrete beams, it is the 

writers’ practice to locate the neutral axis and then calculate the I (moment 

refer. of inertia) of the compression concrete and all the steel about the neutral 

the steel area by r= taken as 15)» This moment 

of inertia ce can be used in the formula, K, —, in in which, = the extreme: 

“fiber stress in ‘the concrete, and d, = = the distance to that fiber from t the 

Ay in § Th calculating the deflection of concrete beams, it is the writers 


for T in the usual deflection its equivalent, 


flies that the deflection of a given beam’ is dependent only on 


“fiber stress and the distance to the neutral axis. This is to 
_ twice the moment of inertia of the compression omnia | about the neutral axis 
using it in the usual deflection formulas. drat 
_ Since in a continuous beam the moment of inertia is involved only in ea rot 
far as it affects the deflection of the beam, the foregoing method would be oF 
“applicable, that i is, to locate the neutral axis and obtain comparative. moments 
a inertia by considering the compression area only. In locating the neutral . 
axis it will be more accurate of course to consider everything that may affect Je <; 
its position as, for instance, tension in the concrete. For computing deflec- eae es 


— 


the writers believe the tension in the concrete is quite and 
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In the of ‘the usual concrete de writll 
ea generally assume that I is constant throughout: the span. When adjoining i 


spans have different moments of inertia, it is the writers’ practice to compute 


are the same in beams, it is suftciently accurate to us the 
depths of the beams without locating the neutral axis. 
The value of of to be used depends directly on what I is used, For 
puting moments, Ei is eliminated since it is uniform throughout. For. compe 
ing deflections or moments due to. ‘settlement of supports, the writers us 
- twice the ‘moment of inertia of the compression area about the neutral axis, 
assuming E, =2 000 000 Ib. per sq. in, for | the usual grade of concrete. 
Professor Wilson’s ‘discussion outlines es still another me method of attacking 
statically indeterminate structures. one who has once “fully | digested the 
method, it is probably as rapid as any * other and, for. “the more complicated 
cases, it may be more rapid. All algebraic methods, however 1 rapid, lack one 
4 important advantage possessed by most graphical methods, namely, that they 
_ show at a glance the complete answer with moments at all points in the beam. 
- In graphic methods, , automatic checking age against err errors is ‘provided, and visual 
inspection and review are facilitated. oo 
me: Mr. Cotten has performed a useful service in making available to Amer 
ican engineers the elements of the Fidler method which he states “have been 
2 available only in rather fragmentary and not readily accessible form”. How 


er, he see seems to be so ‘steeped in the Fidler method per a view: 


the conjugate points without the use of the U onl, a 
Sarg of fact, that is what was done originally, and the use of the U v, 


method is based on an n entirely different: concept that of Fidler, then 
- rething will not appear reversed to him. The writers do not feel it neces 
‘ sary to answer in any more detail the claim made by Mr. Cotten and Mr. 
e method of conjugate points “is identical” with that of Fidler. 
Professor Granger’s method of solving for moments by equilibrium poly- 
gons treating moment areas as loads, is quite ingenious and interesting. He 
the basic principles from | which Equation (7) is developed. study of 
‘ee _ Fig. 57 reveals many of the constructions of the method of conjugate points 
and shows the physical meaning to the various us points, lines, and constructio 
Professor Granger feels that for two and three spans the : analytic methods 
are shorter. If the moments at only o1 one or two points are required, ‘that 1 may 
a, true. The writers believe, however, that the shorter methods given # 
Fig. 20 for such conditions are fully as quick as any analytic 
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ee a known in one span of a continuous beam, then a point can be located in @ 

span. Everything that follows is merely a geometric process of locating 

these points. _ V_and 7-points a emploved only because the appears 

lie 
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NISHRIAN AND STEINMAN ON MOMENTS IN CONTINUOUS BEAMS x 20 oe 
Mr. Gould has Strassner’s method fon the secondary cor- 
ie sation, for a frame with unsymmetrical loads which the writers stated (in See- 2 
8 tion 9) | would be be necessary for exact results. As Professor Derickson and 
Mr. Ruppel have suggested that a solution this secondary correction be 
given, the writers have added Figs. 103 to 106, inclusive, which indicate the pos nt 
_ procedure by the method of conjugate points. The basis for this solution is we 
the locating of the points of inflection, H,, and Hy in the | spans 
4 ‘" and 3 ‘respectively, for a horizontal load : at A, and then rotating the M-line 
about these points of inflection such an a amount as to make the shears, 
and 8, across the respective side posts equal i in 1 magnitude. These shears are a4 
ogenagere by the slopes of the M- line i in the respective end spans. eee * 


i “Toad at A, is located at the center line of the middle span and the ih = is 
simply rotated about that ‘point into a horizontal corrected 
A M-line will then have symmetrical slopes i in the side spans, es 
(but « 


Fra. 103.—MoMENTS IN j ASE, yom 


Poy 


ig. 104 dhows: the construction ‘to a symmetrical portal 


inflection, Ay, in _the middle span is located at the center line; dull the 


utilizing the principle « of Fig. _ This construction for locating H, 
and H, i is shown complete in the lower « diagram of Fig. 104. The M- line, in 
the upper diagram, is then rotated about the inflection points, H,, H, and H . 
a position yielding equal shears (slopes) in the side spans, There 
arious simple methods of accomplishing this; the graphic method illustrated 
consists in drawing Line 8 across th the middle span, with end heights a 
- the heights of H, and H aa respectively ; 3a a line through H, ‘parallel to Line 3 
then give the corrected M-line 
“Fig. 105 shows the ‘construction. as applied to an unsymmetrical portal 
hi frame hinged at the base. For ‘the location of the point of inflection, H,, 
the principle of Fig. 27. is again utilized, and the construction — is shown 
complete in the lower ‘diagram of Fig. 105. In this case, the effect of 


horizontal of the top of the portal i is represented laying of 
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ae and U, 7, to any heights inversely proportional to the squares of the ) respective 
1, The M-line thus obtained locates the inflection point, 
The M- line i in the upper diagram is then rotated about H, to a position yield 
ing equal shears (slopes) in the side spans. . In Fig. 105, t this is accomplished 
sek 
graphically by. marking a pole (intersection of Lines 3 and 4), any ray fron 
which will cut the 1 reaction verticals at heights proportional to t the respective 


side s spans; a ray, ‘drawn from this pole through gives es the ‘required 


— 


M-Line 


ig. shows the construction as applied an ‘unsymmetrical portal 
Ton with the Posts : fixed : at the base. - The points of inflection, H,, H,, and 
= 7 for any horizontal load at A are located by | the principle « of Fig. 27, and 
* construction, shown complete in the lower diagram of Fig. 106, is ide 
tical, except for the fixed ends, with the corresponding constructio m in Fig. 
The inflection p points, H and H » are then projected up to the 
= line i in the upper diagram o of Fig. 106, and the M- line it is then en rotated about 
these inflection points to a position yielding | equal shears’ (slopes) | in the side 
Be oe a4 spans. In Fig. 106, this is accomplished graphically by a combination of the 
principles used ‘in Figs. 104 and 105. In this case, the auxiliary pole Ginter 
section of Lines 3 and 6) is one from which any ray cuts the reaction ver- 
at heights above H, and Hy respectively, proportional to the 

distances of H, and H.;a ray, drawn from this pole through H, gives t 

ty 


These constructions (Figs. 103 to x 106, inclusive show how easily the 
_ method of conjugate points solves the pr problem « of unsymmetrical loading on 


be . portal frames, and serve to illustrate the flexibility and wide range of applica: 
. ea “Mr. Doerfling and Mr. Beanfield have explained i in n considerable detail the 
= European methods of obtaining moments | in continuous beams. Mr. Doer 
‘fling’s discussion is quite complete and covers ‘practically every problem treated 
in the original ‘Paper. It is regrettable that he had not found time to — 
his discussion as a separate paper ge Hock rogress would 
» seperate paper many year ago. Much progress 
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‘Neglecting Lateral 


es 


height 


H,, Ho, Hs, | 


Beanfield’s ‘contention ‘that the Ritter method is) simpler than the 
_ method of conjugate points, does not seem to be borne out by the statements + 
Mr. Gould who is also familiar with the Ritter method. 
.. tp. The three advantages of the Ritter method given by Mr. Beanfield under 
the (a) ), (b), and (c), may be considered as follows : Feat 


Later 


= 


= 


, Hy 
ield 
yield- 
ished 
| 
— 
4 
— 
— 
and 
2? 
aad 
to 
about | 
points of Zero Moments for any horizontal 


multiple- “span ¢ continuous beams into “component elements of 2- “span 


~ 


computations are necessary, as the required answer is one-half and two- thin 


respective heights. For unsymmetrical loads, computations for the 
center » of gravity of the moment area also become n necessary in Ritter’s me 


_ (b) In general, it is of no advantage (but rather a marked disadvantage) 
toe compute the moments produced by loading each “span Separately. Where 
it is an advantage, it can be done by the method of conjugate points as well, 4] 
Point (c) has answered in the discussion | Penna 
Mr. Ruppel | has presented an valuable set of tables, which ham 
been transformed from those published by, Strassner, and constructed “along 
the lines suggested by the writers in Section 14. _ Although referring to Fit 

ler’s method, Mr. Ruppel’s tables are directly applicable in the method of 
conjugate points as well as in other graphical methods. _ With the aid of thes 
tables, practically any problem in continuous beams with varying moments 

of inertia may be solved readily. 


— 
__ Mr, Gedo has made a commendable attempt to resolve the problem of 


-span beams. It is regrettable: that his basic theorem p prov es to be falls. 
cious ‘on close examination. Although the fixed points “outside the loaded 
span (Fig. 95) are. ‘points ot pow, bending moment, they are n¢ not necessarily 
i“ points of zero deflection; consequently Mr. Gedo is in error in assuming that 
the mc moment diagram will remain unchanged when reaction | supports are placed 
under the outer fixed ‘points. Similarly, although it. is true, as” Mr. . Gedo 


demonstrates, that a fixed point in an unloaded span is point of appl 
oe cation. of the resultant « of all the external reactions beyond it, it does nd 


i: - follow ‘that that resultant is identical with the reaction which would be devé 

f oped at the fixed point if it were made t the end of the continuous beam. Com 

sequently, the reduced 8-span beam (Fig. 97) will “not yield the: Same 
moment-diagram_ as the complete multiple- span continuous beam (Fi 95). 
i. The , necessity of eedtiag’ new fixed points for the reduced continuous beam 


Ee: hehe is further confirmation. - Moreover , even if Mr. Gedo’s basic postulate had 


been correct, the procedure he has developed : appears unduly indirect and 
the fixed points are located, it is unnecessary to ‘consider 
-span or B-span beams; all all bending moments and influence lines may be 
found by considering each : span independently, as illustrated hy the writers it 


Fig. 26: Mr. Gedo’s discussion, nevertheless, contains some useful elements] 


which will be of interest to students of the subject. — 


Rete i. Tn conclusion, the writers wish to express their grateful ‘appresiaillll to 
those who have so generously contributed discussions. These contributions 


x have greatly amplified the 2 scope a and enhanced the usefulness of the Dae 


_ The writers trust that it and the discussions, rendering available expeditions 


methods of analysis, will | ‘serve the ‘intended purpose of "directing engines 
to the more extensive use “of advantageous forms of construction and d 
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SERVE 
to TO CURVATURE CHANNELS* 
fie By M. Aw. Soo. ©. 
mH Discussion BY Messrs. _E. G. Waker, Husert H. 

of LANDRETH, -Leonarp C. Jorpan, Lewis M. Havrr, B. Matava, Davp A. 
an and Mouitor, EpwaRp Ir., P. N. Fawcett, ann H. C. 
loaded iol at rat ie 

cone The object of this papee is to record the results of some of the writer’s a 
ing te investigations into the law of river hydraulics. Asa ‘result of these cells 
. Pleed gations, two empiric formulas have been devised by means of which the cross- — 
t. Gel B profile of a channel may be computed. Some characteristics of the law were 
f appl also disclosed, which are believed to be the most important discoveries in 
law in more than fifty years. In conclusion, some practical applications 
deve: of these formulas are given which furnish the solution to problems that 
1. Come heretofore been considered not susceptible of solution. ‘of 


had It is common with those who are familiar with river conditions, 
” ot a that a greater depth is found in bends of channels than in the straight reaches _ a. 
e 


and that the elevation of the water surface on the ‘concave sic side of th the channel 


consider 


_ The writer first observed these conditions about 1872, when he was making 


‘ nail a survey of the Ri Red River in Louisiana | for the removal o of the Great Raft 4 
which obstructed about 100 miles of that stream. Since t at time he has 


“never” ceased in his efforts to determine the cause of the greater depth 
ation af bends, and the relation of that depth to the curvature of the channel, goeiauet 
‘ibutions 


_ Many other engineers have also been interested in ‘the same problem. * By on 
Lhe use of a colored liquid, a ‘French engineer found that in bends the water ¥ Grae: 
- descended: at the concave side of the channel, crossed over at the bottom, and 
~ came up on the convex side. An English engineer has demonstrated the 


helicoidal movement of water in bends, ‘and another French engineer, M. R. H. 


* Presented at the meeting of February 3, 1926. 
4 t Cons. Ener. Detroit, Mich. erat 
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RELATION OF ‘DEPTH ‘TO CURVATURE oF CHANNELS 

Y=0 V" log 


= the longitudinal velocity, in meters per seco nd; lon <<? 


= = the radius of curvature; and 


x and Y = the co-ordinates of a point on the surface referred to m system | 
of rectangular axes through the intersection of the axis of | 
the channel and the water surface. That is, equals ¢ one 

| Pao half the width of the channel and Y equals one-half the differ 


be ence in elevation on opposite sides of the channel. 7 - 


ae a width “a 200 m., a radius of curvature ri 500 m., Ry a ‘depth su 
= to give a velocity of 1 ‘m. per sec., , with: a longitudinal slope of 1 in 


- 000, M. Gockinga found a cross-slope twice as great as the longitudinal 


ee A “The accuracy of Formula (1) has been confirmed by observations on the | 


Mississippi River where differences of head of about 1 “URE. have been noted 


opposite banks of bends with mean mid-section lo ‘slopes 


about 0.4 ft. per mile. _ These ‘results seem to indie cate y that 


induced by the ‘centrifugal force of the current on the covers side of the 


The attempts to determine the relation of depth to curvateté; 


— to the writer, were made by M. Fargue, a Frenchman, and the late Heat 
- Mitchell, M. Am. Soe. ©. E., of the United States Coast and Geodetic | Survey. 


a M. Fargue devised a formula for determining the radius of curvature neceé 


sary to. produce a given maximum depth, which he designated as as — 


law of greatest His formula ie: 4 

C= = 0.08 23 + 0.78 H — 

of the radius of curvature, in kilometers; 


7 = the low- water depth at the | Gaepent point of the channel, in me 
It. is 3 evident that Formula (2) is only applicable to the particular stream 


5 for which it was devised. Mr. Mitchell’s formula is for determining the 
profile of the ‘Delaware River at Philadelphia, Pa., i 0 


the ‘radius of curvature varying from 1 16 200 to infinity 4 a 
X and Y= the co-ordinates of ‘the eross- profile, the origin being at 
trace of the ‘water in the center of the channel, and até 


* U. S. Coast Survey Rept., 1878, p. 125. 
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"RELATION OF Di DEPTH TO CURVATURE | OF CHANNELS 


h 


as to curvature and character 


ake them of application to all: sizes of streams and to all degrees 
curvature, and to > every of whether that ‘channel | occupies 


ws the | mean epth of the ‘deaunel in feet, multiplied by 14 445; 
= the mean of the channel, in n feet, by 


ee the radius of curvature, in ‘feet, on the concave ed of the 


: the n mean of the in 


= the radius of curvature, on concave of ‘the 


| occupies entire of the waterway, restrictions 

2—Formula (5) is applicable to channels ‘not occupying the entire, widt 
ad ate of the waterway and to channels at entrances s created by the action . of a single 


i 
Channel 18 2 and the depth 
4 te Timited in its application = 
ystem 
© created ar é 
diffe a tifeially by the action of a single curved jetty or by straight or 
on the 1 — + P= = (1 = 
known 
Henry of the cross-profile of the channel, the origin 
in the cen t 
channel, the origin 
_ being in the center of the channel at the surface of th 
— 
— 
... 


8.—Formula o is the same as Formula (4) adapted to measurements in 


—The algebraic i i 


6.—Whenever the of curvature is than 40 the square 


: root of ‘the ¢ area of the channel, no further deepening of the channel results 


— 


the increased curvature. Hence, in euch cases, the ‘ales to, be given 
to R in the formula must be equal to 40 area! 
__ 1—Whenever the radius curvature | is greater than about 60 time 


It is png “where there are no in 
- fluences, the formula will almost exactly semmodute the actual cross-profile 
Fig. (A), although the curvature ‘is 4, 65 times the 


equate root of the area (54. 65 Ware). 


Formulas (5) and | ) are not applicable to straight channels 


root of the area a of the channel. ‘(The exact figure has n¢ not been -determined. 


—On “cross-over bar”, where the channel is neither on a curve, nor in 


oa 10 —Formulas (5) and (7) give a width of channel at mean depth all : 


_ 0% greater than the: actual width, hence, _ the width of the channel at me mean Z 


depth (a little more or less), as given by | these formulas, must be reduced , 


20% to obtain its exact value. Po 
Two important corollaries” ‘Soins than findings: ‘That every 

artificial channel, whether it be a flume, an open aqueduct, a ditch, or & 
BC: drainage canal, to discharge the gr greatest volume with a | given slope, should 
RS have the form determined by Formula (4), both in straight and curved © 
eae reaches ; and (2) that bends i in ‘streams, the radii of curvature of which are 
4 greater than 40 times the e@ square root of the area : of the 2 cross- -section, are 

= constructive bends and tend to stability of channel both in position and depth; 4 

at whereas t those bends the radii of f curvature of _ which are less than 40 times ‘ 


“ - the square root of the area of the cross- -section a are destructive. bends, tending 


channels ranging in size from ‘the Brazos River with a) cross- s-sectional area 


hee tion of the 
— 
‘ee. 
— 
from the ms and to all 
| the accuracy of n to all sizes of : 
In order to ir general appli 
| to show their g ‘ rature © of 
Tacius © 000 sq, ft. 
al Sq. It., ith a cro of 36 600 
—— 


tests embrace the following streams: (1) River, Texas; 

River; (3) Aransas Pass, Texas (jetty channel) ; (4) Rio Grande 

do Sul, Brazil (Canal Norte) ; and (5) Southwest Pass, Mississippi River. be a 


A comparison of the results of these computations v with data on the actual an 
channels i is given in Tables 1 to 25, inclusive, and on Fig igs. 1 to 8, ‘inclusive. In a 
addition to these twenty-five tables and eight diagrams, Tables 26 to 29, in- 


clusive, and Fi = 9 and 10 give s some theoretical ‘results which will be explained — 


4 

Computed. Actual. | General remarks. 


Go-ORDINATES, IN FEET. 


te 


; 844 miles from the mouth 
‘|Area section sq. ft. 
‘| Width, 510 ft. 
40 Mean depth, 10.38 ft. 

Maximum depth. 15 ft. 
Radius of curvature, infinite, 


n that of the 
actual 


|The maximum depth of the computed section is the same ed 

Computed from Formula (4). 

The computed cross-profiles are ‘shown on all diagrams in : 

Hines, and the actual in solid lines, 


L 


13.70 
14.40 
14.90 
15.00 
14.90 
14.40 
13.70 
12.70 


_ 


i=] 


4 
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‘TABLE 2. — Brazos River (Fic. 


IN 


it, 4 te 


Computed from Formula (4). 

Location, 434 miles from the mouth 

Maximum depth, 25 ft. | 

Radius of curvature,2900ft. 

|Value of D in Formula (4)=19.%. 

|Area Siti computed section is 4% less than that of the cael 
section. 
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Computed from Formula (4). he 

Area of sect on 

Mean depth, 12. 88 ft. eee 4 

Maximum depth, 22.00 ft. 

Radius of curvature, 1 900 ft. 

-|Value of R in Formula (4) is 2 800 ft, which is 40 times the 
square root of the area; this being the minimum ek “a 
curvature that will produce of 

-|Value of Din Formula (4)=18.61. 

-|Area of is in less thes that of th the. 


No. of the Official Survey of 1878. 


oq TABLE Brazos (Fic. 1 (D)). 


= 


Lj 


Computed from F (4. 
Area of section, 5 179 sq. f 


Width, 836 ft. 
Mean depth, 15.41 ft. 


Maximum depth, 25 ft. 

Radius of curvature, 1 250 ft. ha 4 

Value of R in Formula (4) = : 2879 | ft., which is 40 tiahes the 
square root of the area, which is ihe minimum radius of 

Value of D in Formula (4) = 

Area of computed section hy: ae less than that of the actual ? 
section, an 
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uted, 
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Computed from | (4). 
Location, 13% milés from the mouth. oe: 
Area of section, 4 407 07 ft. ft. > 
Width, 324 ft. 
Mean depth, 13.60 ft. 
Maximum depth, 20 ft. 

otation 
Value of R, in Formula =8 ane ft. 
Valueof D.inFormulags) =19.65ft. |. 
Area of computed section is 4% less than that ‘of the actual 
section and the computed maximum 11. more 


BO 


BR 


TABLE (Fie. 2 (4). 


Computed from Formula (5). 2 miles 
from the mouth. 
Total area of section, 375 ft. wide, 6 068 s sq. 
Area of section, 5 ft. below water surface, 4 237 
Widths ft. below water surface, 870 ft. 
_|Mean depth, 5 ft. below water surface, 11.45 ft. 
Maximum depth, 30 ft. 
|Value of Pin Pormuls (5) = 18,82. 
Radius of curvature,1900ft. 
Value of R in Formula (5) = 3 116 ft., which is 40 
- times the —, root of total area. (See Nota- 
tion6.) 
Area of computed | section is 3.4% more ‘than that 
of the actual section and the maximum de — 
is 1% more. Channel 65% of of 


ia 
4 


— 
Co-ORDINATES, IN FEET. = 
> 
— 
— 
— 
tual 


B MississiPrt River (Fic. 3 (A)). 


Go-ORDINATES, IN FEET. 


General remarks. 


Area of section, 184 275 sq. ft. 


Width, 2 900 ft. 
4 Mean depth, 46.30 ft. 

Maximum depth, 66ft. » 


Radius of curvature,infinity, > 
Value of R in Formula = 
Value of D in Formula (4) = 
Area of computed section is 5 

tion and the maximum de is more, 


8 


<7 
~ 


from Formula (4). 
Location, 38° 52’ 00” N. lat. 
Area of section, 152 850 sq. f 
Width, 8000 ft. 
Mean depth. 50.95 ft. 
Maximum depth,82ft. 
Radius of curvature, 36600 ft. 
Value of Rin Formula (4) = 36 600 ft. 


Value of D in Formula (4) = 73.62. 
Area of computed section is 4 
‘section and the maximum dept 
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8882888 
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sissipP! River (Fic. 4 (A). 


 |Location, 80° 10’ 58” N. lat.; ois 08" 45” W. long. 
Area of section, 206 670 sq. 
Width, 8 900 ft. 


r 


Column Y is computed for a of R Formula 
(4) of 5 800 ft. shown in the diagram by dotted | 


line. 
rt Column Y’ is s comp 


 Imula (4) of 18 184 me: which is equal to 40 V/ area. 

7 0.00 Value of Din Formula (4) = 138.82ft. = 
Area of computed. section is 4.88% less than 
ree the actual section and the computed — 

is 6.4% less than the actual 


TABLE 10— Riven (Pi. 4 (B))- 


| 


4 
> 


| 


Actual, 


00’ OF” N. lat.: 90° 27’ 58” W. long. =} 


Maximum depth, 111 ft. 
_ |Radius of curvature, 18 300 ft.. equal to 47.57 Niet 
Value of R in Formula {p= 18 800 ft. 
Value of Din Formula (4) = 91.40ft. 
. Area of computed section is 4.35% less than the actual area 
and the computed maximum than the 
actual depth, 


= 
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TABLE 11.—Mississipri River (Fic.4(C)). 


Computed. =| Actual, | 


Location, 80° 11’ 44” N. lat.; 91° 01’ 40” W. long. 
Area of section, 191669sq. ft. 
Width, — 
Meandepth,64.18ft. 
|Radius of curvature, 23 800 ft.. to 58.8\/ area. 
Value of R in Formula (4) = 28 | 
Value of D in Formula (4) = a 
_ |Area of the computed section is 4.04% less than the actual 
_ section, and the computed maximum depth is 6.42% mon 
than the actual depth. ae 
Ws 


ESE 


= iy 
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gat 
beets 


Location, 58’ lat.; 90° 15’ W. long. 

rea of section, 1 sq. ft. ; 
Width, 2 330 ft. 

Radius of curvature, 20 000 ft. 
Value of R, in Formula (4) = 20.000 ft., equal to 54.65\/ area. q 
Value of in Formula (4)=88.06ft. 
Area of computed section is 4.85% less than the actual section, 

and the computed maximum depth is 3.06% more than the 


mass 


ivi 


—  . 
— 
‘a — - 
85.00 
60,00 
— i * 
= TABLE 12.—Mississreri River (Fic. 5 (A)) 4 = 
— _ 
Sy 
— 
— | 
— 
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m (Fic. (B)). 


Computed. 


: 
 |Radius of curvature, 2% 300 ft. 

 |Walue of R in Formula (4) = 28 300 ft., equal to 59.09 V ares. = 

Value of D in Formula (4) = 102.14 ft. ¥ 

Area of computed section is 3.3% less than 1 the ‘ecteal section, 

act a maximum depth is 1. more than the 
ua. 
pant 


‘TABLE 14. —Mississirri River (Fro 


Comp 


M 


Bo 


Location, 80° 01’ 28” N. lat.; 90° 20” W. 
Area of section, 165 720 tt. 
Width, 2 480 ft. hi 

Mean depth, 66. eof 


Area of computed section ‘ts 4. 8% than: the actual ‘section 
and the computed maximum depth is 16. 80% more than the | 


a 
0.00 | 0.00 
& 
Formula (4) — 38 200 
= | 
= ‘ 


im TABLE 16. —Rio GRANDE po § 


Co-Ounmares, IN Merers. 
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| 
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Location, Korte, 2 800 m. above zero of jetties. 

rea Of section m. i 
776 m ~~ 

-|Mean depth,: 12 915 m 


-|Location, jetty channel. 
Total area of section, 510 ft. wide, 7 775 sq. ft. 
Area of section, 6 ft. below water surface, 476 
Width, 6 ft. below water surface, 500 ft. 
|Mean depth, 6 ft. below water surface, 9 49ft 
|Radius of curvature, 6 000 ft. 
|Value of Pin Formula (5) = 15. 66. ‘ 
Area of computed section is 5.4% more than that 
of the actual section and the maximum depth 


fs 4, 2% less. = 


Computed from Formula (5). 


Sut, Fo. 6 ta). 


Computed from Formula (6). $= | 


Maximum depth, 18.4 
Radius of curvature = infinity. 6 a 
Value of D, in Formula (6) = 18.66. 
Value of W, in Formula (6) = 388 


 |Area of computed section is 1.4% less than that of the 


section and the maximum depth is 1.4% more. 
Channel Cocuples the entire waterway. 


— 
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‘TABLE 17.—Ri0. RANDE DO Sun, Brazin ( 1a. 6 B)) 


 |Computed from Formula | (2). 
_ |Location, 5 500 m. above the origin of the jetties bat: 
Total area of section, 11 233 sq. m. i ef 
Area of 1 m. water surface, 
|width. 1m. below water 1380m. 
14.69 10, Mean depth of section, 1 m. below water 
ARB : a an | 
. Radius of curvature. 4285 m. 
Value of P in Formula (7) = 11.78. | 
Area of computed section is 16% more than that 
of the actual and Gs depth 
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thesame. 
Channel occupies 52%of the width of the: waterway, 
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TABLE 18.—Rio Graxpe DO (Fu. 6 (C)). 


j Computed from 
Location, 6 500 m. above origin of jetties. xo ae 


|Total area of section, 11 109 sq. m. 
Area of section, 2m. below wa 


m. 
width, 2 m. below water 
Mean depth of section, 2 m. below water surface, 


in 


Radius of curvature, 9 144 m. 


Area of computed section is 6.8% more than that i 
actual section and the maximum depth 


| 


hanne! oecupies 41% of the waterway. 
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| Maximum depth, 15.60 m. Value of Pin Formula 
3.10 


"RELATION 01 OF DEPTH TO CURVATURE OF CHANNELS 


General 


Computed ted from Fi Formula ( 7. ) 


_|Location, 1 000 m. above locoruto. 
/Total area of section, 1 290 m. wide, 9 584 sq 
Area of section, 1 m. below water ourfaan om 


width, 1 m. below water surface, 1 280 m. 


_ 


Mean depth, 1 m. below water : surface, 6.48m, 
of curvature, 4 200 
of P in Formula (7) = 10. 
_ |Area of computed section is 8.2% more than 
of the actual section and the maximum = 
is 13.4% less. 
Channel 52% of the width of the 


Pass, ‘MississiPri River (Fic. (4)). 


-|Mean depth. 51.83 ft. 
_|Maximum depth, 64 ft. 
“4 Value of D in Formula (4) = = 74. 0, 
a Radius of curvature = infini 
Area of computed section is 
section and the maximum depth isi7% more. 
|This section is on a “cross-over” bar (see Notation 9 re for 


mulas for computing: cross- profiles of channels). 4 


2 


| 


— 
‘Sut, Beam, (Fi. 6(D)). = 
— Rio Granve vo Sut, Brazin ( 
go | om | ry: 
— 
Te 
— |--General remarks, 
— 
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URVATUR URE OF CHANNELS 


TABLE 21 Pass, ‘Mississippi Riven (Fi. 7 


00 from Formula (4). 
_ |Location. 27 445 ft. from Head of 
Area,64140sq.ft. j= = 
Mean depth, 45. 
Maximum depth, 78 ft. 
Value of D, in Formula (4), = 65.27. +a 
Radius of curvature, 13200ft. 
Area of computed section is <% less 
‘Section and the h is 4 


pairs. 
— 


he 


bi 


Memore. — 


bk 


— —) 


_ |Location, 37 600 ft. from Head of Passes (Ockerson Section 80). 
Area, 67 $80 aq. ft. 
Value of D in Formula (4) = 
Radius of curvature, 10 800 ft. 
Area of computed section is 4. 0% leas 
and the maximum dept. 
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ooo 


= 
q 
an tht 
water. —10 | 

_§ 2. 
91.00 
* 46.00 
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TABLE 23.—Souruwest Pass, Mississrpr1 River (Fic. 8 (B)). 


Ix Feet. 


|Computed from Formula (4). 
 |Location, 44 475 ft. from Head of Passes. oF 


So 


Value of D in Formula (4) = 76. 
Area of con oy section is 4.83% less than that of the actual 


section and the enon depth is 4.5% more. a 


Pass, “Mississiprt River 


f 


a | Actual. 


Computed from Formula (4). 
|Location, 58 605 ft. from Head c 
Area, 67540sq.ft. 
Mean depth, 86.71 ft. & 
|Maximum depth, 55ft. 
Vaiue of Din Formula (4) = 58.04. 
Radius of curvature, 22 s00ft. 
Area of computed section is 4% less than that of the a 
n | section and the maximum — is 6.1% more. os 
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‘TABLE 25 —Sournwest P Pass, Mississirt (Fis. 8 


Aye 


Computed from Formula | (4). 
Location, 63 940 Head of Passes (Ockerson 


Mean depth, 27.60 ft. ae: 
Radius of curvature, 22800ft. 
Area of computed section is 4.2% less then that of the actu 
section and the maximum depth is 4% more. 


TABLE 26. —Rio Do. su, Brazit 


Co-Orpinass, ox M 


General remarks. 


1.00 from (6) ae 

9. 13 |Location, outer bar (theoretical). 

18.09 |Assumed normaldepth,4m. | 
15.97 |Assumed area of cross-section. 10 000 sq. 
7.89 Curve I is the cross-profile of the channel between 
18.95 paratlel straight jetties, 800 m. apart. 
26 {Curve II is the cross-profile of the channel between 
«18.92 4 parallel curved jetties, 800 m. apart, with a radius — ; 
«8. 02 | of curvature of 5 000 m. 

16.70 |Curve III is the cross-profile of the channel for a 
3. ‘04 | single curved jetty with @ radius of curvature of 

18.15 | 5000 m. 
15 |Area of Curves land II are each less and 
i 9.18 area of Curve III is 6.5% more than the yassumed = .- 


ie 


an 
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ing _ 
actual ‘87 (87°50 — 
— 
| 18,21 
| 15.51 — 
— 
100 | 15.51 
14.85 — 
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Fio. 2.- PROFILES OF CHANNELS, BRAZOS AND ARANSAS Pass Bar. 


TABLE, 27 ‘.—SouTaw EST ‘Pass, Mississiprt River (Fic. 10 (A)). 1 


o 
3s 


Computed from Formulas (4) and 6. 
Assumed normal depth on ar 10 ft. 


Area of cross-section, 10 ft. below water surface, 5t 340 
Assumed width of channel.1200ft. 


jetties, 1 200 ft. apart. 

_|Curve V is the cross-profile of channel between paralle! peeved 
jetties, 1200 ft. apart, with a radius of curvature of 22 800 f 

Curve VI is the cross-profile of channe) fora single curved jety 
witb a radius of curvature of 22 

Areas Curves IV and V are each 3. 80% less than the assumed 
area of the section and the area of Curve VI is 7.4% more. a 


se 
= 


2 


J 


Assumed area of cross-section, 63 340 sq. ft. et 


Curve IV is the cross- of channel between parallel 


A 


ates! 


— TH TO CURVATURE 
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|Computed from Formula (5). + 

| Assumed norma! depth on bar, 10 ft. 
7 Location, outer bar (theoretical). 

Assumed area of cross-section, 63 340 sq. ; 

Area of cross-section, 10 ft. below water surface, 48 340 8q. tt 
| Width, 10 ft. below water surface, 1 500 ft. 

Radius of curvature. 26 600 ft. a 


Value of P in Formula (5) = 58.17. 
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‘ Computed from | Formula (7). 

Location, outer bar (theoretical), 

Assumed norma! depth on bar, 4 m. 

Assumed area of cross section, 10 000 a m. 

Area, 4m. below water surface, 6 800 sq. m. i: 

b fe 4m. below water surface, 800 m. 

ean depth, 4m. below water surface, 8.50 m. 

Radius of curvature, 9 000 m. a tek 

Value of Pin Formula (7)= 14.02. 

Width of channel! at the 10-m. - depth (6101 m. less 20%) = a Dn 


warty wl? a) tie 


‘TABLE 29.- —Rio GRANDE Bea (Fra. 9 (B)). 
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RVATURE OF CHANNELS 
remarks give | in the tables furnish every essential detai 


“necessary toa a complete of the results; that further explana- 


of Formulas (5) and (7), ge the channel part of the 

- waterway and, therefore, has only one bank, it is necessary to define the limit a 

of the channel by the establishment of a second bank. This is , accomplished ae me 

by depressing the water surface until a depth is reached that will furnish a = a 
nd bank and, at the same time, contain the entire actual channel. The © 
rdinates of the cross- -profile are then computed ~_ this “depressed water 


4 15, 17, 18, 19, 28 and 29. | These form 
is 


Depth in Feet 


€ 


Width in Hundreds of Feet 


_ cover some characteristics i in the law of river hydraulics not heretofore known 


nd it is believed they are the ‘most important discoveries made in this la 
more then fifty years. These discoveries may be enumerated as follows: 
First—The curvature in bends increases the ‘depth only to a 


q a point. This point is reached when the radius of curvature is equal 


e 


hones, the efficiency of the formula to repeodues is 


to those channels having a radius of curvature this amount, 
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— Cross Profile for parallel straight Jetties 800 m, apart 
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OF DEPTH TO CURVATURE OF 
These irregularities are illustrated in Table 5, Fig. 1 (EZ), Table 11, ‘Fig. 4 
(0), Table 12, Fig. 5 (A), Table 13, Fig. 5 (B), and Table 14, Fig. 5 (C). 
it appears, therefore, that in channels oceupying the entire waterway, any 


greater than ‘that due to a radius. of curvature e qual to 407 area 


x A 

_ is ineffectual in producing increased depths; and any curvature less than that sy ; 4 


due to a anes of curvature equal to about 50/area may have ee 3 


hird.—A single curved jetty ‘will produce a deeper “channel than ‘two 
_ parallel jetties of the same curvature. _ This feature i is illustrated i in Tables 26 
; and 27 and Fig. 9 (A) and Fig. 10 (A). _ This is probably due to the g Loi 
facility with which the material excavated is dispersed and also may account — 
j for the fact that a single curved jetty will produce a channel across an outer eS Ra 
oh straight reaches the maximum depth is practically the same as its com- _ 


uted ‘value. T he width at mean depth i is somewhat greater than its computed eae 


a “In where the channel occupies the entire maximum 
5} depth i is practically the same as its computed value with the single exception ae 
ht of Fig. 8 (A), but its ‘position is generally somewhat closer to the concave 
: side of the channel, with the single exception of Fig. 1 (D), and its width at re 
‘mean depth is } about the same or greater than its computed » value. . Where — 
channel does not occupy the entire width of the. waterway, the > maximum 
a depth i is generally greater and its position closer to the concave side of the 
channel than given by the formula. The width of the channel at mean ee 
is uniformly less than that given by the formula. q 
_ Where the channel occupies the entire waterway, the computed areas: of 
_ Sections are uniformly about 4% less than the | actual areas; whereas the com- E 
i value of the : areas of all sections, where the channel does not occupy es ita 


the entire waterway, is uniformly than the actual areas by an 


The accuracy 0 a the formulas in reproducing the cross- profiles o of channels — ite 
- under various conditions makes it possible to compute the cross- -profile o of gs 
- channel across an outer bar when improved by the construction of jetties ~ ae a 
different forms and degrees of curvature. ‘This has been done for two im- 
portant ex entrances, namely, Rio Grande do Sul and Southwest Pass, Mississippi iP 
River, and the results are e given in Tables s 26 and 27 and shown on Fig. 
(A) and Fig. 10 (A). These computations are made for parallel straight jetties, 
4 ‘Parallel curved jetties, and a single curved jetty of the same curvature. The 
_ superiority of the single curved jetty thus | becomes very apparent not ode over 


E the parallel straight jetties but over the parallel curved jetties as well. 
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g navigation, it would be better in either case to give to the jetty a greater - 
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- 2s 28 and ‘shown on Fig. 9 (B) and Fig. 10 (B), respec 


‘and the radius of has a length of 9000 m. This gives a ‘chem 
a maximum depth of 18.41 m. and a width of at the 10mm 


2 depth, of 610 m., which being reduced 20%, in accordance with Notation 10 


page 210) will give an actual width of 488 m. itd 


pe For Southwest Pass, the initial width is taken at 1500 ft. and the radius 


of curvature at 26 26 000 ft. ‘This gives a maximum depth of 69. 38 ft., and . 


aaa Py width of channel, a at the 35-ft. depth, of 1005 ft., which, being reduced by | 20% 
et in accordance with Notation 10, will give an actual width of 804 ft. ‘This 
ee. width i is only 4% lese than i is found in the Pass itself i fina stretch of 8 500 ft, 
- are oe from Sections 4 to 81, where the average w width between the 35-ft. curves j is 
ae < 887 ft. and the minimum width is 765 ft., and the channel will be more nearly 
a ‘straight than i in the J Pass itself for much of its length. 

‘In the use of these formulas, it may sometimes be desirable é determina 
' maximum depth without making repeated computations for that purpose, 


By making the differential coefficient of the formulas equal to zero and solving 


for x, a value is determined which, if substituted in the the 


 Lettin = ©, and dividing g by D “i. 
80x? 
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52. 56 
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OF DEPTH ‘TO CURVATURE oF 
like manner, “Equations (8), (@), wna are found, which, 


go Yo tle D odd ai 
9 Ww? 7 R Bo. aol ali 
7 vl oldadtas we R 


O: and (7), respectively. The positive value of X will give the maximum value As 
to Y in every case. A minimum value of X will generally not « occur and, A 
a Some important applications of Formulas (5) and (7) have already been | ee 
8 given for determining the cross- profiles of channels on the outer bars of South- Ln 
Pass, Mississippi River, and at I Rio Grande do Sul, ‘Brazil. Numerous 
other applications of these formulas will be found in the improvement of the 
 Gannels in ‘streams. For a cross-over bar where greater depth is desirable, 
‘Formula (4) furnishes a ready means for calculating the contraction necessary 
to give the required depth. _ In Formula (4), D represents s the central ‘depth 
~ which i is 17 1% greater | than the actual depth on a cross- over bar. (See Table 4. ) pe 


To find the contraction “necessary, 1 reduce | W in Formula | (4) ‘until the value of 


reduced by 17%, equals the depth required. or 
= 4 Analyzing Formula ®, it will be seen ‘that Di is the central depth, W is 
the half-width of the stream, ‘and R is the radius of curvature. gs if the ; 
central depth, the width, and radius of curvature are known, | it is ee 
_ to compute the mean depth, the maximum depth, and the area of the oross- 
section ; for the mean . depth is equal to D divided by 1. 445, the , area i is equal to 
the mean depth multiplied by the width, and the maximum depth is found by 
E substituting the value of XY obtained from Equation (a) in Formula (4) and 
4 - Some interesting facts are thus determined in regard to the Amazon — 
—* at a point about 300 miles from its mouth, has a central ae of 360 ft., 


the gives a mean depth | 

and a maximum depth of 387 ft. 

The Mississippi River, as shown in Table 8, has a central depth of 67.5 ft., 

a width of 3 000 ft., a radius of curvature ¢ of 36 600 ft., a mean n depth of 51 ft, E 
n area of 152 850 sq. ft., and a maximum depth of 82 ft. That i is, the Amazon ae b, 
has 6 times the width, 30 | times the area of cross contin, 5 times the mean ae 
depth and 4.7 times the depth of the Mississippi River. 
_ The » relative discharge of these two great rivers is unknown, but some idea i 
t may be formed from the fact that the Amazon at flood shows 1 ey. sand 
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OF DEPTH TO CURVATURE OF ‘CHANN ELS 


in a iles from its mouth, whevens the Mississippi River at 
icons, river water in the Gulf of Mexico only 25 miles. wr hb): oii 


These formulas and the will be « of ‘the greatest 
in the regularization of rivers in the improvement outer bar 

channels. They furnish a proof that the jetty channel at Aransas Pass, Texas, 
was caused by the action of the single curved jetty alone and that any effect 
"produced by the. straight jetty to the south of it has been detrimental. a They 
furnish the means by which the cross-profile of any proposed channd 
across an outer bar may be computed with remarkable accuracy, heretofore 


, - impossible of determination. — They show that there is a limit to the effective 


curvature of a channel and that any attempt to exceed this limit will hk 


one: Professor Mitchell has shown,* in his investigations of the estuary of the 


ae Delaware River embracing a length of 52 miles from Philadelphia, Pa., down, 


that the mean depth i is the same in all sections and is equal to 18.64 ft. . from 


for 46 nautical miles”. 


oe Now, as the maximum depth i in | the straight reaches of any stream is equal 


of to the mean depth multiplied by a constant, ‘and the m maximum depth i in nds 


is equal to the mean depth multiplied by the same constant plus the effect due 


to curvature, it follows that the maximum de depth i in all ‘straight 1 reaches will be 
the same. "Any attempt, therefore, to deepen the channel by dredging wil 


disturb perdistent tendency to ‘uniformity of depth. Hence, it would 


: : appear that it is not practicable to secure any permanent improvement in the 


navigable channel | of that river by. dredging. ‘It is evident, therefore, that the 
logical method would be to convert the straight reaches into channels 


oof suitable curvature by means of training walls and to let. Nature do the 


: am ‘ rest. In this way equality of mean depth would be preserved anil the inert 


: U. S. Coast and Geodetic Pe Report, 1883, pp. 239-245. ’ 
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{URVATURE — 


G. pare wr E. (by letter) —It that the 
; ae has s developed his fo formulas into o needlessly long | statements. Both Eq Equa- 
tions (4) and (5) say be written in 1 general 39, 


follows Equation as the which — 
directly proportional, is increased, the value of y for a given value of x is 


"increased ; that is, increased curvature m makes increased depth. According to 
Equation (8) there is no limit to this, a a conclusion which i is a variance with 

the first result given by the author on page 229, 

‘Examination of the cross-sections ‘plotted in the paper shows that in the 
- great majority of the curved channels the actual erosion on the outer bank and oie de 
accretion the inner a are ‘more than is indicated by the profile plotted from 


the: author’s formulas. — On the other hand there is a very - close ‘agreement R 


- indeed between the calculated and actual maximum depths and their positions ae we 


-Telative to the center line of the cross-section. 


- fa These considerations lead to the suggestion that it might be possible to 
_ amend the formulas by the introduction of additional terms which would make Rie 


but which would not have appreciable effect on the calculated maximum depth ~ 

or area of cross-section. re No doubt the author has tried a number of approxi- $e 
_ mations before arriving at his formulas, but, unfortunately, he gives little clue 2 oa 
:. the reasoning which has led him to adopt the particular — given. 


¢ still closer ap approximation between the calculated curve and the actual profile, | g 


(by letter). —The 6 practical 1 value Mr. Ripley’s 
bi formulas lies principally in the possibility of determining the “cross- -profiles” — 


of “outer > bar channels”. The ‘investigations | of the mouth of the Rio Grande 
dos Sul and the Southwest tyere of the ‘Mississippi with the aid of these formu- a 


| 


as have shown the s ‘superiority ofa single | curved jetty, not over two 
parallel ; jetties, but also over two parallel curved jetties. ‘This i is new 


Prof. Emeritus of Hyéreulies, echnische le, 
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> 240 ON RELATION OF DEPTH TO CURVATURE OF CHANNELS 


writer is fully in accord with the author that his are “of 


“the greatest value in the regularization of rivers and in the improvement of 
Ms = outer bar channels”, He cannot agree with him, however, that any attempt to 


= = =. deepen “straight reaches” in estuaries by dredging would destroy the “tendengy 


+ 


uniformity 0 of depth” persisting there; that it, therefore, would not seem 
practicable to se secure “permanent improvement in ‘the “navigable channel by 

_ dredging, nor that it would be much more logical “to convert the straight 
an reaches into ) channels of suitable curvature by means of training walls and to 
eo or Nature do the rest”. Certainly, dredging alone is no method of regulation, 
it attacks only the result without ‘Temoving the cause. Nevertheless, one 
ae os should 1 not leave the intended deepening of the channel by works to » the infly 


ve ence of the works alone, but should bring it about as far as ‘possible by dredg- 


—. ing; if the works: (as, for instance, “ training walls”) are properly placed, their 


consists in the maintenance of the dredged channel. 
it oS —«@éf, in accordance with | the author’ ’s proposal, a straight channel in estuaries 


os were transformed into a curved one, ‘the force of the tide wave would be lee 
-sened, a part - its energy wasted, and the quantity of water flowing in and 
4 : ut decreased, so that the scouring force of the stream would be weakened 
Therefore, the cadaiiien of straight channels in estuaries is unobjectionable if 
these channels are so bordered by “training walls” that the scouring foree of 


a the river remains | sufficiently g1 great. Above the tidal region it is generally , desi: 


a to give the river such bends that the current is in a state 7 inertia 


Aside . from this objection, however, the paper is to be wel leomed with grat 


tude as a valuable advance in the still dark field of river hydraulics. f “th addi- 
tion to M. Fargue and the late Mr. Mitchell, referred to by the author 


Boussinesq* has also studied “the relation of depth to curvature’ 


eng H. LaNDRETH,t M. Soo. E.—The author purports to have 
developed and presents Equations (4), (5), (6), and a , for the determing 


tion of the form of transverse profile of beds of of rivers of of different width, 
depths, and radii of curvature. - Before | discussing these equations or the 
- author’s conclusions, it appears necessary to draw attention to the fact that 


a s t water flowing in a channel is not different from other material in that it fol 


a 


ae lows the fundamental laws of mechanics and of motion. If it moves in 1. 
straight line at a given linear velocity it which, if 
may be converted into kinetic energy in another direction, ‘into 
fs - pressure, or into both. If the water is constrained to move in a a circular path 
at the same linear or tangential velocity it possesses: the same kinetic « energy 
‘i in the tangential direction and, in addition, it exerts pressure radially out 
Pats _ ward due to its centrifugal force, which is nothing more than the radial com 
"ponent of its kinetic energy in the curved path, 
. ig _ Although the stream, as a w whole, is : constrained to follow the curved cham 


savants a l’Académie des Sciences, de l'Institut de France, Tome 23, 1877; Supplement 2 


_ nel, like a railroad train running ¢ around a curve, the individual particles of 
me water do not follow this simple curved path, as the author } points out. | Years 


* “Essai sur la théorie des eaux courantes,” Paris, Mémoires présentés par 
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5, 
ago a rench engineer, by using filaments of colored liquid, found: 
bends the particles of water er on the surface passed to the “concave 
x side, descended down the bank, crossed over the bottom, and arose to the 
 gurface again on the convex side of the stream, thus, when taken in conjune- 
with their longitudinal motion, following a helicoidal path. The speaker, 


than _thirty- -five years ago, » suspected and experimentally showed this 


helicoidal motion to exist in a number of curves on the Cumberland River, in ey 

Tennessee ; he used small blocks of wood, loaded to be of the same ) density a [og 
and painted white so as to be visible at considerable depths. 
‘This radially outward fi flow of water particles in their helicoidal paths 
causes them to accumulate when they reach the outer or concave bank and 

thus to raise the surface of the stream to a higher elevation than a at the inner < ey 
oo In other | words, the stream surface has a transverse ‘slope t rising from ae: 

- the i inner to the outer bank. This difference of elevation of the water surface — on 
at the two banks is given quantitatively by the Gockinga formula, the authors : 
Equation (1). It will be noted that this transverse slope varies directly as _ E 
the square of the longitudinal velocity of the stream, a relation which later 


particles, , which enable a stream flowing in a curved channel, through either Py 
- alluvial or at least erodable material forming its banks, to erode its outer or 
- eancave bank, to increase its channel depth near its outer or concave bank, to 


an the eroded arrears to the opposite inner or convex bank, ane oe 


the « square of the linear velocity and inversely as the radius of 
ou With the water particles moving i in such helicoidal paths, it is easy to see a i: 
- just how the . mechanical agencies operate to produce the forms of channel ra 
cross-section: which are found to exist under such conditions: A particle of 
erodable bank material, whether humus, silt, sand, gravel, or ‘cobble, on ‘the 
outer or concave bank of the channel has two Senees which tend to erode it 


and (b) the downward ‘component of friction and of impact of 
successive water particles which flow past it. These two agencies concur to 
loosen and to carry particles: down to the be bottom. On the bottom the ‘radially 

- inward friction and impact of the water particles are usually ‘adequate 1 with- 

~ out the assistance of gravity (which i is now ineffective) to transfer the eroded — 
Tank material radially (or ‘more properly, « diagonally) inward toward, or part tly one 
up, the inner bank, and if the velocity component of the water particles in 

- the diagonally inward direction is sufficient to erode the bottom, without the = 
assistance of gravity, the channel will be deepened near the concave or outer 
bank, the water ‘particles, however, begin to flow toward the surface, 
- their erosive power, which : is now diagonally upward, finds ‘itself i in in opposition Pal 
to the downward force of gravity, so that t after a certain | point is s reached not a 
only a are the water particles unable to loosen the bank material, but amin 


& generally unable « even to transport the loose eroded material far. up p the ascend- 
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a! “ing path on the inner bank, a as a consequence they deposit the material 


Po on that bank, or sometimes: before the bank is reached, forming a a bar extend 
ing diagonally out into or across the river. This causes the transverse slope 
- of that bank to be much flatter and more irregular than the e slope of the outer 
ee bank which is sometimes nearly vertical and, as a consequence, unstable and 


= any given stream, channel, and degree of the eroding and 


2 Be transferring power power of the water or particles | depends entirely on on their velocity in 


i * _ their-helicoidal paths. If the stream is a slow, sluggish one, this velocity will 
be slow. and the eroding and transferring power will be slight, no matter what 3 
ah: the curvature may be, and as a consequence the maximum depth of the channel 
5 will be less than ‘if the velocity were greater. _ Also the location of the deepest 

: Py ae part of the channel will not be so near the outer bank as if the velocity were 
ae aoa greater. In other words, not only the eroding power but also the form of the - 


transverse profile i is clearly on, and, a function of, the 


: me $ One would expect, ‘therefore, to fi find in the author's ~ equations, which ‘pur 
port to determine the shape of | cross- section, a term to indicate either | 
‘linear velocity or the longitudinal slope of the stream. An examination, how 

ae. ever, | of Equations (4), (5), (6), and (7) will | show that nowhere in them 


indicating. the! linear velocity or longitudinal slope of the stream 
eon _ This omission m would seem to be a fatal defect, since the equations in ques 
ae tion as given would predict the same depths and the same form of transverse 


a st 
01 ft per sec., or 10 ft. per ‘sec., which every « ‘engineer ‘conversant with 1 river 
knows is 3 not case. This or omission and ad defect doubtless explains 


p 7 x not approach more closely to the profiles as actually observed, as in Figs, 
1(£), 2(B); 3(B), 4(C), and 6(C), none of which would appear to 


oe "i present strong proof of the correctness of the e equations s from 1 which they were 


matical determination of a matter which is usually regarded as indefinite 


io "gina nt of rules and formulas. The cross-sections of the streams no 

: in the paper seem to serve as reliable proofs of the dependability of _ the 

a formula. The matters of grade a nd velocity have already been mentioned. 
The speaker fails to see just how ‘they are included in the formula. Likewise 
- the factor of material through which the stream runs surely is given no con 
sideration in the » mathematical prediction o of the shape of channel. | Is 
to be assumed that even in solid rock the stream, if given sufficient time, 


its channel to the calculated shape? doidy, 


pb On the other hand, what about the application of the formula to those 
sandy leas streams of the Western prairies? In this case there are at least 
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» conditions to consider. After a flood has subsided the sand is left in a isch aa 
shape which possibly is in agreement with the formula for some definite 


depth of for the greatest depth possible without any con- 


During” the violent floods to which these streams are subject there is an — 


entirely different condition, one which probably is no more obedient to any i x 
formula than it is to the desires of the engineer who is trying to cross the river — 
with his camp. wagons and is wondering what type of bridge and foundations — @ 
be required for his_ new railroad line. When, due to. flood condi- 
ee, the stream attains , sufficient velocity, it whips up the sand of its bed 
A until the mixture of water and sand flows several times as deep as the dry- 
weather ¢ channel. Further flood waters will add greatly to the velocity, ero- 
sion, and depth until the channel extends downward to unknown distances. = a 
toa An example of such floods is the case of the South Platte River in Den- a 


Colo., which on “rampage,” tore out a railroad bridge, and 
carried away a locomotive. After the waters had subsided to the usual small 

“trickle, the sandy appeared ‘precisely as before, but the locomotive 

was never seen again. had gone with the sand and had found a a place F 


- down i in the bottom of ze deep flood channel where it could wait until he 


it farther. of Denver vouch for the truth | of 


them. They ‘most certainly throw serious obstacles in in the way of a com- 


plete and universal application of ‘the formula. ‘The question 


2 ‘arises: Can it be possible that the channel conforms the formula at all 


ages from the water-and-sand deep- flood, condition to the shape 


» 


. 


Th The e author is to be congratulated on t the boldness | of his: delving: into the — 


realms. of the supposedly unknown factors governing river a 
Be floods. ‘His paper is certain to benefit those of the profession who are engaged eet 
in the problems of stream control, bridge construction, and dredging. 


Lewis M. * M. Soo. (by letter). —This remarkable 


= is of great practical ir importance to the welfare of humanity and is so ’ 
climax of time-honored 


solves the problem of the - requisite of streams to nd 


"ments of the reactions of the directing banks, as their relations to 

rs depths and erosion were not formulated, whereas by the | application of the a - 

author’s equations, accurate and relatively permanent results may be obtained 
for securing and maintaining the requisite channels in navigable w waters by 

When the many variable properties of water are considered, it would seem eo 


impossible to include them in a single algebraic equation applicable to ever- oa 5a 
Water is at times a liquid, a solid, or a 
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AL ON RELATION CURVATURE OF CHANNEL 


1 
4 


a fluid, and i in air it moves with high \ velocities, | causing drifts of both rock 


an a earth, thus | creating alluvial plains and ¢ obstructing channels. . Moreover, 
= 8 is incompressible so that when driven by high winds it is extremely destruc: 
tive, a These properties: would seem to render abortive any attempts to reduce 
is energies to formulas for their utilization; and yet the tests to which the 


formulas been applied under variable conditions indicate their 


ay 
ae great practical 1 value as aids to navigation as well as to the | protection of banks | 


It is also apparent that if the paths | of rivers were between 
banks there would be no reaction and the channels would have to be adjusted — 
jg to the je ever-v; varying volumes f from floods and tributaries while the variable quan- ; 


at junctions, would i 
pbs a create bars and render the stream unnavigable without constant dredging. 


et in the Texas District. He designed a curved jetty for the Galveston, 
entrance (which was not built) : and, later, he contracted for the reaction break- 
water at Aransas Pass, which has opened and maintained that channel to date, 

‘- thus fully demonstrating its utility, as shown in Fig. 2(B). Similar proposal 

a were made for the bars at the Passes of the Mississippi _ in 1902 (not built), 


a a and for the Rio Grande do Sul, Brazil, in 1887, but more conservative counsels 
eS _ prevailed with disastrous | results and great expense (see Fi ig. 6 (A), ¢ B), an 
(©), and Fig. 7 (A) and (B), and Fig.10(A) and (B). 


= _ From the citations made in the paper and the results of years of experience ‘ 


at i great expense, ‘it is evident that a relatively permanent deep-water channel 


= demo nstrated by the curved jetty. at Aransas Pass opened in 1907 and in use 
ever since, at an inlet which had been abandoned for many years. _ = a 


Tt appears: that where there is” a Prevailing littoral drift large 


a bee manent navigable channels of any reasonable > depths at less than one-half the 
cost. for construction, and p! practically nothing for maintenance. The: author 
> . is entitled to the highest commendation for this contribution to engineering 


nat 


aK 


methods of of the author’ has tried to verify them by 
oa applying them to different rivers, as he considers they will have great ' value 

oi the regulation of the rivers of France, especially in the estuaries. py Ls allt 

tf cores “<0 For some ‘sections: of the Lower Seine at its entrance into the estuary, and 

eer also at various places on Rio Grande do Sul, there is approximate 2 agreement 

es between the real and caleulated sections. In the estuary of the Seine, a deep 


follows the south shore, independent of the great central channel of 


Director, French Port of Rio Grande do Sul, Brazil, Paris, ‘France. 


The efficiency « of the reaction principle in creating automatic channels was 
i recognized by the author vane he was in local charge of 1 the construction a of | 


~ could have been obtained at these two localities with less than one-half the cost 
and without dredging ; and there would be > nO advance of the bars seaward, s 
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= Nature has done, gives a maxim mad'dapth of 1. 25 m. at high water of ee 


neap tides, whereas | that calculated from Equation (7) gives a maximum depth 

of 10.86 m. The apart calculated from the author’s formula follows eee 
almost everywhere the real o one. Fora ‘point 1 km. away, with the same radius ~ 

of curvature and the same maximum depth, the calculation gives a depth of 
10.90 m. m., with a a cross-profile following the real one and in a a remarkable manner. Peace 

“The writer is dandthesd that a project for the improvement of the Seine i in a el 
which dike is) used to prolong tt the natural curve of 7000-m. radius down 

stream would remove the obstacles to navigation from this side. Still it would 

be necessary t to study the placing of another dike up stream in accordance with — os ’ 


gripes Arr 


the principles that Mr. Ripley has established, in order to create a passage 
the existing work, 
cross- ‘profiles (Fig. 6 and F ig. 9), calculated maps of Rio Grande 


do Sul of different dates, give also the ‘most satisfactory ‘results ; ‘one gives a 


depth of 12. 63 m. instead of 13 m. in a curve of 7500-m. radius, and a colon at 
gives another close approximation to the actual. of 
_ The writer is in perfect accord with the author when he states that it is ve 
not practicable | to secure a permanent improvement in the navigable channel — 


of a river by dredging. At Rio Grande do Sul, all the dredges accomplished ea 
absolutely nothing. How could it be otherwise when at times on the crest of ps fa 


the the bar, with velocities of 2 m. per sec., ‘erosions of several thousand ‘cubic i 

meters per hour roccurt on soba, 

on It would be interesting to know how | to avoid the cross-over bar in sinuous ae 


parts of rivers. Probably it would be 1 necessary to confine the stream between “4 : 
two dikes for a length at least equal to ) the width of the river and — finally aa 


In ‘straight reaches it suffices to narrow the stream by spur jetties to obtain 


given depth by Mr. ‘Ripley’ s Equation (4) when R = infinity. 
‘The studies made at Rio Grande do Sul and the absence of rules for deter- . 


mining g the curve of jetties as a function of the depth to be obtained, emphasize ay 
the importance of the formulas which Mr. Ripley has determined, and prove 


that they will render the greatest service to engineers who are engaged i in the pts - 

Davin A. Mourtor, *M. Am. Soo. 0. E. by letter) — 


subject about which relatively little is known. Such information may 

have been published at various times is not readily accessible. belyorset sit" 

No very exact results can be ‘expected from formulas of the kind tains 

by the author, chiefly because they depend on conditions aia 
be duplicated i in any 1 two rivers. As shown in the p paper, they « appear + to accord Et 
with flow ‘conditions in alluvial bottoms, but may be greatly in error when 
“applied to other sand or clay bottoms, and would probably be inapplicable to 
in rock, as for the Niagara and Ottawa 
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‘ae be ‘Hence any statement as to the percentage of error - resulting from the 1 “7 The 
the formulas can apply only to the particular examples given, without 
2 an any way reflecting a general measure of accuracy to be expected in other fe 
untried cases. However, approximate solutions to such problems are all tha § Wal 


a = can reasonably be expected, so that the formulas may often serve a useful 
Ac a here errors as high as 20% may be unimportant. | all 


3 = Selle author presents formulas for two conditions of flow. The first for 7, 
: mula (Equations (4) and (5)) is Mitchell’s formula, Equation (3),* devised 
rae _ for the Delaware River in 1878, in which the author substituted literal dimer ye 
, gions for the numerical values. He then states that the formula has become ti: 


— general in its application to streams of all sizes and characters of chann re 
would naturally ‘expect ‘that such a formula necessitates different values 
a. the numerical coefficient, 17.52, to fit the variations in the bottoms — 
different rivers. Even if this formula does | give results according well with 
observed cross- -sections of several large rivers for values 0 of greater ‘than 
i NVA, A, that fact is undoubtedly attributable to a uniformity in ‘the alluvial a> 


of the particular | rivers considered. Other results obtained from 


"decided ‘modifications of the numerical constant would ra 
The second formula (Equation (6) or Equation. (7)), i is the author’s 8 
fication « of Mitchell’s Equation n (3) made applicable to curved channels o occupy: 

<a 4 ing only part of a -_waterway—such channels as may result at high- water a 


when the stream spreads | out beyond its ‘normal banks sometimes to 
> great distances. Under such conditions the contracted channel becomes thé oy 
only important subject to be considered. The author then employs the expe 


+ 


dient of depressing the water to some lower level approaching the normal rbd: 


“width of the stream, and deals with a reduced area of average depth, . Dey and 
depth at center, P = 1.65 D, new numerical ‘constant, | 26. 28, is ‘now yw intro 
duced to fit this condition of a partial fowarea, Ay 
again, it is to be expected that the two numerical factors, 165 and 
26. .28, may require considerable modifications depending on the amount 
a cs “eh _ which the water level is depressed below the abnormal high level. 53 The same ia 
ould apply when the bottom material differs from that cited in ‘the paper. 
Another expedient might have been employed, by restricting the excessive th 
width t to approximately a normal cross- section between elevated banks, retain 
ie oe _ ing the actual high-water level and solving the problem by the use of the o 


#3 formulas with D = 1.445 D,. would certainly fit the hydraulic 
¥ conditions better than depressing the high- water level. 
S Gi, The formulas might have been expressed in more . workable shape with al! 
and special cases collected together for ready “reference. The 
writer begs leave to submit such a compilation of the author’s data with a 
view of enhancing the value of the p paper and assisting the reader. 
ee ‘The fact that such a complex problem with so many variable factors left 
pee: unconsidered, or possibly | covered by numerical coefficients, ‘should be be amen 
if able to treatment by any formula of whatever kind, seems quite remarkable. | 


= 


g 


‘yer. 
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8) Coast Survey Rept, 1878, p. 126. 
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MOLITOR ON RELATION OP DE DEPTH 10 ‘CURVATU OF CHANNELS 4 


The subject-matter of the paper is; therefore, of considerable value to the pro-— 
and the author’s efforts deserve hearty appreciation. ae 


Streams with Curved Channels the Their 


A= = the are of cross- -section, in 1 square feet. 
aif 


Beir 
= the radius of curvature of bank of stream, feet. 


a -Mitchell’s s formula e expressed in terms of these se dimensions 


ei < 


this formula, Y becomes maximum , or Y= when, 


For dimensions, in "meters, the constant, 17.5, 


_ 5.34 and the constant, 52. 56, in Equation (9a) becomes 16.02. © moti sralw 
Limitations. —When R < 40 V4, A, there will be no further deepening tthe 


and hence the minimum, ‘R= 40 NA will govern. 


Areas computed by Equation (9) are about 4% too small, and Lon cross- 


over bars the maximum depth is serene about. 15% less than that given tee 


Depressed Level 
iS 


y= us -P 1- } x? 26.28 aber 
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In this maximum, y= Dmax.; when, 
78.8 


# or dimensions, i in meters, aes 8. 01 for 26. 28 and 24.0 for 7 78. 8. gl 


Limitations. —w hen R <4 40 0 VA, there will be no further deepening | of te | 


channel. 1. Bq ss (10) and 1 (10a) are good for values of R > 40 Vit | 


Be! The 1 width of the ¢ channel at mean depth es Gis by pea (10) is 20%, 


the actual values, 
Epwarp CuisoLm, Jr.,* M. Soc. E. . (by etter). A stuc rh has 
Me ee been made of ‘the relation of depth to curvature of channel: to ascertain 
tm whether the author’s formulas and conclusions are applicable to the Mississippi 
ee _ Rive er from Cairo, Ill., to Fort Jackson, L La. . The physical characteristics differ 
materially along this stretch, but in general terms the river may be divided 


inte two reaches ; Cairo to J Red ban: and at 


in the Gulf of Mexico. 
a greater depth is found in the bend of the chehuels than in the straight 
and that the water surface on | the concave side of channel i 
4 higher than that on the convex side. It is ‘also well known that the water ia 
the bends descends at the concave side of the channel, crosses over at the 
bottom, and comes up on the convex side, erosion of 
- eelak bank. Observations confirm the accuracy of the author’s formulas 
where differences of head of about 1 ft. have been noted | on opposite banks 
- of bends with mean mid-section longitudinal slopes of about 0. 4 ft. per 1 mile. 
a The results seem to indicate that the increased depth in bends is caused by 
the helicoidal movement of the water induced ” the centrifugal force of the 


‘Wa 
a current on the concave side of ‘the channel, 


The modification of the Mitchell formula 80 as to make it of general 

cation to all sizes of streams, to all degrees of curvature, and to every char 
geet channel is worthy of note, and further consideration will be civ 
the derived Formulas (4) and (5) to test t the “accuracy with which the 
4 various sections along the Mississippi may be computed, and the constant 

Notation 6 (page 210), states, | in part, as follows: 
Spee _ “Whenever the radius of curvature is less ‘than 40 times nee the square 1 root of 


mor This seems to conflict with a recent comparison of cross- -section elements 


made along this stretch of river. . Practically all the prominent bends have 
ee = of less than 40 A/area, or 18 000 to 20 000 ft., and the tabulated results 


*Capt., Corps of Engrs., U. S. A., ‘Co. 14th Engrs., Fort waa 
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would give a computed radius of 18 000 ft. to 20 000 ft., wherea dita ‘tho actual ae 
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on the time the surveys were made, the stage of water, and whether "the bend r 

sounded on a rising or on a falling stage. ght ti 

‘The author’s Corollary (2) (page 209), has been n given consideration and oan 

practical applications were made to test its ‘accuracy at various points along 

the river with the following results. 

“al At College Point, La., 907. miles below Cairo, the cross- 7 


a 
section elements was selected. taken in 1898 showed area of 


or ‘one-fifth the radius by the formula for 
ea classed as destructive. There is a slight erosion, but the bend has 
changed very. ‘little in a number of "years and can hardly be classed 


. om At 81-Mile Point, 883 miles below Cairo, Section 849 of the cross-section ‘ei 


elements was selected. Areas taken in 1897 and 1921 were 229 720 sq. ft. and 

— 266 300 sq. ft., , respectively. These areas would indicate that a radius of about - 
20000 ft. was required, whereas the radius scaled from the chart is 3 300 . ae 
about one-sixth the radius. The bend i ‘is not classed as destructive. 


At Waverly Point, near Natchez, Miss., 705 ‘miles below Cairo, Section 


“45 had «an area. of 203 972 sq. ft. in 1895 and 254 730 sq. ft. in 1913, which ae 


‘radius is 7000 ft., or about one- the computed radius, and the bend is not 


On 


wt Marengo ‘Bend, above Natchez, 696 miles below Cairo, Section 2388 _ 


In this case, the concave side of the bend. sealed 10 000 ft or five-eighths: 
the computed radius, and the bend is very destructive. aah 
At Giles Bend, 691 miles below Cairo, Section 2871 shows an area = 


d an area of 160 139 sq. ft. in 1895 and 193 620 sq. ft. in 1913, which would — 


| 221 717 ‘sq. ft. in 1895 and 195 893 sq. ft. in 1913, which would require a radius a 


of about 18 000 ft. to form a stable bend. In this instance, the actual ‘radius 


is about 13 000 ft. (sealed) ; this is considerably less than 40 area in 1895 

and somewhat : ‘smaller in 1913 than in 1895- 96, but the mean ‘depth on n this hy 
section increased from 40.0 to 45.7 ft. at bank-full stage and from 33.8 to 50. 

ft. at low water. The maximum depth also ix increased at low water from 62.0 — ae 
to 105.2 ft, This does not agree with the statement that “no further deepening = ee im 
of the channel results from increased curvature.” adi 
At Kempe Bend, 673 miles below Cairo, Section 2304 had an a area 4 Ne 

$17 142 sq. ft. in 1895 and 269 796 sq. ft. in 1913, which would give a com- es 

puted radius of about 21000 ft. ‘The actual radius is 9000 ft., or about one- _ 

the computed radius, and the bend is actually destructive. 

aA At Hard Times Bend, 643 miles below Cairo, Section 2174, the areas mee = 

188 891 sq. ft. in 1895 and 206 856 sq. ft. in 1913, which would give a com- 2 

radius of about 18 000 The actual radius is 7000 ft. 
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HISOLM ON ‘RELATION OF DEPTH TO CURVATURE OF CHANNELS" 
the destructive. At bank-full stage the mean depth was 30.8 ft, in 
and 32.8 ft. in 1913. At low water, the maximum depth was 65.0 sect 
in 1895 and 54.2 ft. in 1913.0 gai 
of At Island 16, which is 117 miles below Cairo, Section 441 was selettel B 


» key «with an an area of 199 150 sq. ft. in 1902 and 155 358 sq. ft. in 1912, which would 
oe give a “computed radius of about 16000 ft. In this instance the actual radius 
ig about 16 000 ft. and the bend is 3 not ; destructive and agrees | with the formula, 
— bank- full stage the mean depths were 34.5 ft. in 1902 and 26.6 ft. in 191% 
‘The maximum depths at low water imereased from 35. 9 ft. in 1902 to 49.7 ft 

; 
_ Near Island No. 8, 47 miles below Cairo, Section 173 was selected with an ben 
« area of 218 199 eq. ‘ft. in 1902 and 216 933 sq. ft. in 1 1911, which would give a 
radius of about 18 000 ft. for a non- destructive bend. _The actual fro 


radius i is about 17 000 ft. (sealed) and’ ‘somewhat"less than 40 area, ates. and the abo 
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At bank-full stage, the mean depthe were e 28.6 ft. in 1902 gen 81.1 ft. in bet 
at low water, the ‘maximum depths were 46.0 in and ft. 
localities used to test the application of the were selected 
_ convenient points along the river and the results show _ bends at College 
oe Point, 81- Mile Point, and Waverly Point, are not classed as destructive bends, 
ay whereas the bends at Marengo Bend, Giles Bend, and 2 Times Bend, ate 
elassed as destructive. Ins all the localities mentioned the radius of the bends § im 
was s considerably 1 lees | than 40 area. aa iy 
ese Island 16 and at Island 8 the radius of ‘the bends well about 40 / 
Sp or sersconmee the bend was not destructive; in the other, p parts of the bend 


were destructive and parts were not destructive. 
Under the heading, “Conclusions” (page 238), the statement is that 


in 

a the mean depth multiplied by the rape plus the effect d a 
oe: ture”. In order to verify the statement, the maximum and mean depths were % 
a from the computations | of cross-section elements, Cairo to Red Rive § P 
A comparison of Nos. 14, 119, 143, 204, and 286, comprising 

_ sections, ‘shows that the average maximum depth is 1. 784 greater than the ¥ 
average mean: depth on on the straight reaches at low water, whereas a comparisal 

of Stretches Nos. 8, 127, 128, 156, 197, 199, and 313, comprising +70 sections, 
¥ shows that the average maximum depth is 1.841 greater than the average mean oy 
depth in the bends at low water. The results on this stretch—Cairo to Red Va 

' _ River—appear to agree with the ‘statement that t the constant to be applied in 7 

_ the bends is greater than the constant - to be applied in the straight read 9 

# but judging from the various constants found on the individual bends { 
- straight reaches, the results a: are rather an arithmetical coincidence instead of & J | 
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— bes te bends from 1.519 to 2.019, which % or more in the 


Tiny comparison of Stretches Nos. 23, 37, 50, 95, and 111, comprising 110 at “si 

ettel BH sections, shows that the average maximum depth is 1.490 greater than the us ~ ‘a 
vould average mean depth on the straight reaches at low water, | whereas com- 
adius parison of Stretches" Nos. 9, 38, 51, 96, and 141, ‘comprising 98 sections, shows 
mula, at the average maximum depth 3 is 1.744 greater than the average mean depth 
7 f{ The results on this stretch—Red River to Fort Jackson—eeem to. agree 
more: uniformly with the formula a and with each h other. . The constant in the 
than @ bends is greater - and the individual results are » greater in | general terms. ns. The a 
ivea ® constant on the straight stretches varied from 1.362 to 1.627 and on the bends | te ci a : 
1.595 to 1.954, which shows 1 more uniformity than on the non-tidal river 
the above Red River. od sover low be A a indi olde dorg th 
thers, practical application of the results shows that there is a constant 
1911 between the average maximum depth and the average mean depth, but the — ‘i 
9& & constant varies 25% on the river above Red River, which would not produce 
a results of a high degree of of accuracy. On the s stretch below Red River, the _ a 
ed at constant is more ‘uniform, and the results would | be more accurate in its. 
ends, P. N. Fawcerr,* Assoc. M. Am. Soo. C. C. (by letter).—Mr. Ripley is to 
i, a be con congratulated on the ‘thorough ma manner in which he has attacked a mot 
bends important subject in connection with the hydraulics of rivers. His Formula a 
(4) is identical with Mr. Mitchell’s Equation singe Delaware River 
area, at Philadelphia, if D be taken as 3 33 and W as 1 100. 
bend _ With the author’s formula, using two of average depth, one 
ft. wide and the other 2000 ft. wide, the former with a ‘Yadius of 40000 
that ft. and the latter with a radius of 20 000° ft., so that the ratio of — is the same a F 
1al to in both cases, the depth will be the same me at equal proportionate dence hen 4 
were From the author’s assumptions - in (4) and (5) in which 
the in the ‘second part of the formula is in the proportion, 
» the ts i732’! it naturally follows that any depth calculated by Formula (5) with one —- 
pees “training wall will be greater than the depths « calculated from Formula (4) 
tions, two training walls. erse the formulas and the single training wall 
mean will produce by ealeulation a less depth than the double training v walls. This : 
ne does not prove, however, that such results will follow, as stated by the author. — 
ay * Tt is obvious that with a greater constant, greater depths will be obtained 
aches, by calculations and vice versa, but there has been no allowance made in the . “3 
and for the “greater facility with which the material excavated is 
| of a _Dersed” so that it is difficult to understand how greater depths are claimed e 
m the be obtained this formula on this afoount. 


-in-Chf., Lower Liao River Conservancy, Newchwang, 
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Se lim regards the statement that a single training wall does not cause a ber 


2 advance, such a statement would appear to be contrary to reason. The ‘material 


4 eroded from within the bar must be carried seaward whether the confinement 
. Pe. the currents causing the erosion is obtained by one training wall or ‘two 


ae walls, and this material (other things, su such as littoral current, being the same 

in both cases) must cause a bar advance. 

Cases i in which bars obstructing the mouths of rivers are being trained by 

- one training wall only, unassisted by dredging, s are extremely rare. In fact, 

the writer is unable to quote any cases. Under these circumstances doubtles 


some of the particulars. of the bar of the Liao River, i in Manchuria, ¥ will beot 
‘The bar of the Liao River is being trained by one training wall constructal 


first, after which it will be seen whether a second wall will be required, gh 


Pe highly probable that a second training wall will never be constructed, reliane 


on one wall, assisted by’ dredging, At present 


tes effect during the winter 
‘ 


wave, Depth Seawards from 1917 to 1922 


300 


Proposed Fin, 
Pensating-for adv: 
Sea Contours 


This v from 


een moved seaward 3 000 ft. since 1917 and “other) cor 


% ay and disproves Mr. Ripley’s theory that a single training wall does not <- 
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Spring tides 1 rise se 13 ft. "Flood and ebb currents attain about 
% - Jmots across the bar. and up t to 44 knots in the river proper. J 
- getoss the wall S. 40 W. to S. 60 W. and the flood in a direction N. 34 E. to EA 
N 40 E. _ The prevailing w winds are northeast during the v winter months 7 while 
the port i is closed by ice, and southwest during the summer r months. — ner 


oa Thus, it will be seen that the ebb tide hugs the training wall throughout 


its entire length, ‘there being. full play for centrifugal force, so that the situa 


tion is entirely favorable to the success of a single wall. The soil is the light | 
~ loess of the North China plains, so fine that 50% will pass through a sieve of 
14 meshes per sq. cm. When compacted on the bed of the bar it agg a 
hard impenetrable surface and becomes extremely difficult to “erode or 


H. C. M. Am. Soo. C. E. (by letter) —The writer wishes 
q express his of the many helpful « criticisms of his’ paper and he 
; especially pleased with the numerous responses from foreign countries. ie 

England, France, Germany, ‘and China have contributed | to this discussion. an ae 
5) She interest shown by Mr. Walker, although it is in the mathematical 

| feature only, is gratifying. While recognizing that t his Equation (8) is more 

concise than F ormulas (4) and (6), it is considered that what is gained in by 
enneiseness i is lost i in ease of solution. value of these formulas i isforcom- 

puting the co-ordinates of the cross- s-profile of a a given channel or its mai 

depth by the use of Equations (a) or (0). Equation (8) in : its present form Ao) * 

cannot be ‘used for these purposes for it does not contain the elements neces- 

_ sary to those ends, as Y and X in Equation (8) are not the co- ordinates of 

the curve to be reproduced and it does not contain D, Ww, and R, , all of which uo 
ate i in immediate demand when one undertakes to compute the co-ordinates a 


. - However, the writer quite agrees with Mr. Walker in the possibility of 
"modifying the formulas 80 as to get « closer approximations to the actual curves. 
paper, he has given some further study to this 


The basis for the formulas is that of a conic section and the 
first term of the second member of Formulas (4) and (5) is that of a parabola 
e focal distance of which fr 


a distance from the apex equal to D and P, 

Pale Ina straight channel, the equation of the are of a circle the chord of which ee Has 

W, the middle ordinate, D, and the radius, gives almost i 
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tical: with Formula (4) Lhe ea of a with these cond 


Ei 72 {rad edt 


Both Equation (11) and Formula (4) give the area of the cross-section 


about 4% less than the actual area, With the ellipse, however, an equation 


LJ 


yy 


be obtained which will give a area the same as the actual ares 
the same time, a computed cross-profile more closely approximating 


ae The standard | equation of ‘the - ellipse the semi-transverse axis of whi 


4, and the semi-conjugate axis, b, with the origin at their intersection, is 


7 With the origin 1 removed to a ‘point distant from the center e equal to — — k, and 
the X- ~axis parallel to the transverse axis and the- Y-axis passing through the 


the actual. ‘This equation is determined as follows. \ 


In In this-case = (D + ky? and a? = Ww 1 + hen y = =0, 

W. Substituting these values of a? and b? and reducing, 


By making k =19 ‘Pret . AS) 10 ntep 

Yo D 8(1 — —, + 3. 61 — 19) all a a 

git _ Limiting the equation to that part of the ellipse below the X-axis, giving bh 
y positive value, and providing for curvature, the equation b becomes: 


17.52 


8 


Ww 


Equations (12) and nd (13) give the area of the cross-section 


» 


oc. 


eross- s-profile a little nearer to the actual than Formulas (4) and (5). 
in 
Ss not be doubted that subsequent investigators will be able to devise an equate er 
that will give a still closer approximation to the actual cross- profile. This i is 
fruitful field for future study. ‘The wi writer believes, however, that the formulAs it 
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“RIPLEY ON RELATION | OF. DEPTH TO 
for all practical purposes: and will enable the engineer to design his works 
with a confidence in their success never » heretofore experienced. 
; Table 30 gives the co-ordinates of the cross-profile of the Brazos River in ee 
8 straight reach computed from Formula (4), a parabolic curve, from Equa- 
- tion (11), the are of a circle, and from Equation (12), the curve of an ellipse 
(see Table 1 and Fig. 1. (A)), together with the ordinates of the actual 
we Table 31 gives the co-ordinates of the cross-profile of the Brazos River in a 
"curve computed from Formula (4) and Equation — (12), together with the 


co-ordinates of the actual cross- aches. When 


Bs 


h. 
_|Area of section. 5 00. tt 
Width, 510 ft. 
Mean depth. 10.38 ft. 
Maximum depth, 15ft. 
Radius of curvature in 
finite. 
Din Formula ( 


= 


~ 


Column A is computed from 
Formula (4), a — 
has an area 3.9% less than 
the actual area. 
Column B iscomputed from 
Equation (11), an arc of ‘ 
circle, bas an area 44% 
less than theactual. 
a: Column C iscomputed from 
Equation (12), an elliptic 
has an area the 
nit same as the actual area. 


335 


= 


| | 


of 


them to revolve curves of | conic 
-tections, also control the \shape of the cross-profile of flowing streams, “iieg 
% it the curve of a conic ‘section, and just as as the orbit of the moon around the 
- earth j is modified by the influence of the sun and planets, so the cross-profile _ 
_ of channels is modified by the effect of curvature, which can be computed, and = 
- other influences in in a lesser degree, but more difficult to determine and imprac- : 
Professor Engels’ discussion is important the Society is to ia 
mratulated in receiving a contribution from so eminent an authority. He Bee 
in general agreement with the writer’s conclusions; but ‘as to the conversion E 
e straight reaches into eurved channels in “estuaries, he regards such practice 
ss questionable, since “the force of the tide wave would be lessened, a part of La 
its energy wasted, the of water in out 80 
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deepening: Although ‘it may ‘diminish the actual tidal flow in and out, 


— the mean depth is the same in 2 upper reaches a as in . the lower o \ 


Co-ORDINATES, IN FEET. 
* 


oft 0 


Location, 4% miles from mouth, | 
Area of section, 5 384 sq. ws — 
Mean depth, 18.81ft. 
Maximum depth, 25 ft. aw ; 
Radius of curvature. 2 900 ft. ail 
Value of D, in Formula (4), 19. 
Column A is computed from Formula 
(4), bas an area of section 4% les 
than theactualsection, 
Column B is computed from Equation 
(12), an elliptic curve, has an area of 
‘section the same as the actual 
This is Cross-Section No. 12 of the 
Official Survey of 1878. 
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That the uniformity of depth in would be disturbed by 

ey ‘at dredging operations, which Nature would proceed at once to restore, ¥ would 
to be self-evident. However, after regularization by permanent Wor 


may be desirable and even necessary to secure > the 


3 as the writer knows it is true only of the ‘Delaware e River,. although he 

thinks it must be true of all similar estuaries. wd 

“i ‘The writer is pleased with Mr. Jordan’s inquiring disposition and com 
structive criticism. — Doubtless 1 more questions can be asked on this subject 
than the writer is able to answer; however, he may be able to clear up some 

f the 2 difficulties that Mr. Jordan encounters. al of 
eo ~: To be sure the bed of. a stream must be amenable He erosion else it cannét 
“ develop a shape in conformity with the forces acting upon it. When this® 
true, the shape of the | cross-profile and the area of the cross-section are the 

iy esult of the volume of flow, the velocity . of the « current, the curvature of the 

channel, and the : resistance to erosion. will thus be seen that the formula, 


— y including the half width and a a factor of. the mean depth of the channel, 


the) does include, if not the actual velocity, the actual effect the velocity produces 
ee on any given stream. 1 The curvature, is the veniahlo element which j is 
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for by. its “radius. ‘The lack of uniformity i in the resistance to caption 
the cross- profile | an irregularity which it would not have otherwise. : A greater 
resistance to ¢ erosion over r the entire bed of the stream causes an increased 5 
water er slope and greater velocity to to discharge a given volume « of water r through * . 
the smaller cross-section which results. _ Thus the factors of velocity and resist- AS 


ance to erosion combined give to the channel its cross-sectional area, and, 7 


‘therefore, the formula really contains these two. factors. ed & 

‘The flood problem is one that still requires much study. In a sediment- 

bearing stream, like the Mississippi River, the channel during floods is deep 

ened i in bends and shoaled i in straight t reaches. When the flood - subsides, the 

channel shoals in the bends and deepens i in the straight reaches, During this 

“transition n period it is - possible > that the formuls cannot keep pace with these -. 


“both fine a and coarse material, ‘the former in suspension and the latter by push- 
ing it along the bottom. _ In Southwest Pass, where only the fine material ja 
"transported, the channel remains practically uniform i in size and shape. ' The , 
material. carried in suspension “passes, t through without deposits until it 
Se 
3 “approaches: the mouth and the bar is formed. The thus deposited is 
of quite uniform resistance to erosion and, henee, by confining the channel at 
"the mouth to a suitable width, its shape across the bar may be computed ae 


me given radius of ¢ curvature to a remarkable e degree of exactness. 7 


? most reliable use to which the formula can be put. ‘Tts value and reliability bot 
3 for this is purpose is in mo way lessened by any about its 


BD. 
i other parts of the river in time of floods. PL (lise) ‘tee 


The writer is indebted t to Mr. ‘Landreth | ‘for _ comprehensive and | 
- description of the actual movement of the particles | of water i in the hand « of a 


- stream § and the the manner in which the those ) particles under the influence of recy 
and curvature are able to erode the material of the banks | and bed, ‘which | gives 


croee- ‘Profile the shape that it assumes under these influences. “However, 


like Mr. Jordan, he does not find in the formula any factor representing the 
linear velocity of the water or the slope of its surface which are the active 


This subject has already been touched teplyfa’ to Mr. Jo 
may be added, however, that to introduce into t the formula \ the elements 0 of 2 


velocity or slope would necessitate an adjustment for the size of the stream, 


for the degree of roughness of its bed, and for t the resistance to erosion— » 


insurmountable task. The difficulties and complications of such a method — ray 
have been well illustrated by  Boussinesq.* Whereas by including in the 
formula only the area of the cross-section and the width « of the channel the — 

- effect of all these factors is combined and there is only the relation of fh 
to curvature to consider. It must be evident, therefore, that if a velocity of 0. ‘= 

ft. per r sec. will not a channel of the. same ‘depth and as one 


“changes. condition | pertains to that part of the ‘iver that transports 
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10 ft. per sec. , neither will the formula give the same depth and shape in the! 
vy writer makes no "pretension that his formulas are perfect as is 
i by his effort to improve them i in the earlier part of this discussion, and hé Wa 


comes any ‘suggestions which may lead to their improvement. 


In Notation 7 (page 210), the writer has pointed out some of the discrep 


ancies cited by Mr. Landreth and has attributed them to the small helicoidil 
: pe action when the curvature is slight, allowing other influences to predominate 
VTxck Ime other words, it is the actual profile and not the formula that is to blame, if it 
a ‘is allowable to make 80 ‘Giscourteous a remark about Nature’s performances, 


2 voted so. many years to the “study » of this problem 
that what he says comes : rot one well qualified to express a mature judg. 


‘ment on the subje ect. The writer, therefore, greatly appreciates the very favor 


ce ~ a “Any one who has” followed Professor Haupt in his extensive writings on 


.. this and allied subjects and has noted the many proposals he bas made for the 

improvement of o bar channels in this country and abroad, will under 

stand his’ appreciation of the ‘value of a discovery Sorter enables an engineer 


to calculate quite exactly beforehand what he may expect from any give 


is also gra ) gratifying to get 80 favorable ‘an endorsement from. one @ 


wal 
at to express an opinion on the subject as Mr. Malaval. vs As a ‘ie 
of the Society of Civil Engineers of France, ‘Ingénieur des Ponts 


- Chaussées, as Director of the French Company of the Port of Rio Grande 7 
(Brazil), and as Professor a | Ecole des Ts Travaux ‘Publics, his standing i in 


is indicated; and the author of a most excellent work, “The History 


- th he ‘Port an and Bar Works | at Rio Grande do Sul Brazil”, his ‘qualificalig i 


an ang yet and his instinct are clearly shown. — jas 
Captain Chisolm h brought into this discussion some most valuable 


| a information. Being in possession of the wonderful accumulation of data of 


tee the ‘Mississippi River Commission, acquired by ‘years of painstaking surveys 
and computations, he has been able to test ‘the writer's formulas in a most 


= ‘ comprehensive 1 manner. ‘These tests ¢ cover a stretch of the river extending 
from Cairo, I I, to Fort Jackson, La. a distance of more than 1 


ia many | of these t tests “confirm, the writer's conclusions, some of them 
4 
would i indicate a failure do so. These apparent: will 


80 


Captain: Chisolm, referring to Corollary (2), finds, a at Collehe Lay 


nds, at Volleh 
at 81-Mile Point, and at Waverly Point, Miss., that in each case the radi 


; curvature is mes than 40 A/ area and angie these bends are not destructive! 


A corollary i is an evident conclusion from what has ‘preceded. ‘If th he dept 
na bend does ‘not increase with an increased curvature beyond a certain 


— 


doth will be exerted Interally. ‘That it t does uce d 
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tion may be attributed to the fact that resistance to erosion is greater ‘than. the 8 Me 
eroding force. e. That it. does so o in many cases is evidence that the tendency ie : 

ft At four bends, namely, Giles Bend (Section 2371), Hard Times Bend © Be 

(Section 2174), Island 16 (Section 441), and near Island No. 8 (Section 473), ‘gout 
Captain Chisolm regards the conditions such that they disagree with the ie - 
writer’s ¢ conclusions as expressed in Notation 6. Especially is this deemed — ae 
to be true in reference to Section 2371 of which he says: “This does not agree gee Bits 
with the statement Shas; no further deepening of the channel results eae " 


increased curvature’.’ sidt Yo edt to esteathto 


The conclusion in 6 is too well established in the paper to be 
“lightly rejected. It will be desirable, therefore, to examine into the 
which exist in these bends to see whether they warrant Captain Chisolm’s 

conclusion. It is found that these conditions are wholly exceptional in char- i “ae 
acter al and produce effects quite different from 1 those found in ordinary bends. ae he a 


In each of these bends, except s at Hard Times Bend, . the conditions are com- 
plicated by an island, dividing the stream into two channels of unequal widths 
depths. At ‘Hard Times Bend, the conditions| are complicated by a 
“tributary entering on the concave side of the river just at the point of Sec. 
tion 2174. , Any conclusion drawn in regard to this section that does not 
into ‘account the effect of this tributary stream is not reliable. 


Fig. 14 shows the cross- profile of Section 2371 for the years 1895. and 1913 
an Table 32 gives its: cross- -sectional elements, as compiled by - the Mississippi Ti 
in Commission. These profiles, however , do not represent the actual con- — 
dition at the time and stage of the river when the soundings were taken. In 


a river like the Mississippi, subject to erosion and accretion, the channel | 
adjusts itself to the changed conditions as the water in the river rises and 


& 


i. _ This cannot be shown in a diagram embracing all stages of the water. i 
The different planes of elevation and computed areas, however, are given for 
different stages, namely, low water, medium, and bank-full stage, as if no 

- thange took place in the process of shifting from one stage to another. These Bo 
however, Serve a purpose: in showing: the he relative width 
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<3 i d | depth of 1 f the tr two channels into which the stream is divided at the two 


periods (1895 and 1913), and the v way in which the flow in the smaller hanna 


‘the v width of the two channels at bank-full s stage was 5 540 ff 


i og in 1895 and 4290 ft. in 1913. At medium stage, these widths were, ‘respectively 
8080 and 2890 ft., and at low water, ‘1 940 ft. in 1895, and 1820 ft. in 1918 
oF These variations in width plainly show that the great ‘difference in the m mat- 


Ps — depth on the two dates was mainly due, not to the difference in cur 
* ris ae ture, but to the great difference in width. — However, to give the matter furthe 
+ elucidation, the co- -ordinates of the cross-profile of this section for 1895 ant 
Lea 1918 have been computed and the curves plotted. These co-ordinates are give 
e in Tables 38 and 84 and the curves are shown on Fig. 15 (A) and (B). 


650 | 92 100 92 100, 


80 300 | 145.950) 54 640 | 148 740, 5 080 | 2 800 | 


221 717 140.158 5 540 | 4 290 | 40.0 


i An ‘inspection of Tables 83, and shows that on actual maximum 
the con comp’ uated depth in in both ca cases. This excess is 6. 5% for 1895 and 

3% dou 1913. “These results bring into question the truth of Notation 6a 
aire the validity of F ormula (4); they would certainly d do so if there were no other ay 
<a in influence except that due to ) curvature. An inspection o of Fig. 14, however, a 
that as the water declines, the flow in the smaller channel is gradually 


shifted to the main channel, and that when the bottom of the smaller cham 

- is reached the entire re flow of | the he river passes through ‘the one channel. — a 
= - _ -When the width of a stream is diminished, the channel deepens and whe 
San volume of flow is increased without i increasing the _ width, the same result 
follows. _ This is exactly what happens in this case. The addition of this infe 
 enee to the effect of the bank protection, which prevents the normal il develop 
a ment of the channel, gives two influences independent of the curvature, which 
make Captain Chisolm’s conclusion in regard to Notation 6 exceedingly quer 
oe a  tionable. He must have entirely overlooked the fact of the bank | protection 
vie in: this bend, which was continued each year from 1897 to 1914 to prevent i 

eo ‘movement, else he could not have cl classed this as @ non- destructive bend. — 

ee 4 xl Allusion has already. been made to the : fact that a . cross-profile « of at res 
ae a is not correctly represented when a change is made from the normal section, 
st is, the one in which the soundings were taken, to io another | stage, by the 


Te 
of surface. will now be shown how the ratio off 
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Low water.. 1 940 | 1 820 33.8 50.6 62.0 16.2 
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reduction of the water 


Str Computed. Actual. General remarks. 


Computed from Formula (4). 
Width, 2 260 ft. 
Maximum depth, 8 ft. ait 

Radius of curvature, 6 660 ft. equal to 18. aim area. pi > A 


Value of R in Formula (4) = 14 081 ft. equal to 404/ area. 

Computed maximum depth, 105 ft. » which is 9.8% less than the 
actual maximum de 

The stage of the water at the time these soundings were taken, 

was 47.5 ft. above Memphis Datum and 16. 4 th plan 

indieated on Fig. 14aslow water, 


S88. 
Sssssssss 


sees 


pth, 
Radius of curvature, 16 670 ft, 


alue of R in Formula (4) = 16 670, 


£ 
f 


0.90 
28 62 
48.94 
57.88 
56.39 
48.62 
36.71 
28.37 
11.10 

2.48 
¥o 


Be 


taken was 31,1 ft. above Memphis Datum: ~ 
the plane indicated on Fig. as low water. 


In Fig. 1 (A), Uigel lei River, the normal ra atio. of the maximum depth 
ae mean depth is 1.445. By lowering the normal plane 5 ft., this ratio 
i 1498. By lowering the normal plane 10 ft, the ratio becomes 1.663. Pomes 


In Fig. 3 (A), Mississippi River, the normal ratio is 1.426. By lowering 


fe normal plane 10 ft., the ratio becomes L 507 and by lowering it 20 ft, the 
ee _ In Fig. 6 (A), Rio Grande do Sul, Brasil, the norma ratio is 1. 42 : 
lowering the normal plane + m., , the ratio becomes 1. 429. By lowerin 
th the ratio » becomes 1 528, ‘and by lowering it 12 m m., 


i i “will thus be seen that, in every instance, the reduction of the peau i 


_ water surface to a lower tea increases the ratio of the maximum ‘depth to 


depth to the mean depth is affected ‘tae 
hannd  gurface to a lower 
540 ft TABLE 33.—Mississipri 
| 
| 
— 
gx 
6 and ion, Section 2371, 691 miles below : 
» Value of D in Formula (4) = equates Jars.  §§_ 
___|Computed maximum depth, 58 ft. which is 6.5% less 
— 
ction = 
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mean depth, ‘and the greater the re reduction, the the i in 
it will that, in making his tests of this ratio, ‘Captain Chisolm 
invariably reduces his sections to the plane of low water and therefore he 
oe - obtains a - greater ratio t than the normal section would give. When he speaks 
os this : range varying as much as 25% on the reach above Red River, it . simply 
5 owe that a varying amount of reduction was made in this stretch of river 
to make his sections: conform to that of | low water, and in ‘no way toe 


to ‘curvature, which alone “causes as wid 
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wae of the water surface from one plane to another will cast no doubt about 
e: the truth of the practically constant ratio which exists in all normal sections. 


writer appreciates Mr. Molitor’s constructive ‘criticism and especially 3 


eo feature of it where he tries to simplify and clarify the writer’s formulas. 
Figs. and 12 add much to their clearness, All Mr. Molitor’s | 


clusions, however, cannot be accepted. For example, considers that 
2 numerical constants in the formulas must be varied to suit the differences 


the character of the material through which the stream flows. 


“It seems to be difficult for the hydraulician to realize that ‘the area of the — 


cross-section of a stream is an expression of the result of the factors whieh ie 


produce | it, the volume of flow, the force of the current, and the resist 
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of 
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constant, will enlarge or reduce the area of the cross-section 
varying area expresses the varying value of these factors. _ This area being ag 


= 


gipsiated | in the formula as has been previously explained, | no o variation in 
merical constants is required to provide for these changes. oil paw ap an 


Of course, a Tock fe formation or other non- -erodable material iso out of “the 


oe profile of such a channel, in accordance with the law of channel Sovitih- i 
gent, and nothing short of artificial excavation will suffice to a the 

a ‘As regards the ient used in the solution of Formulas (5) ar, 


writer has been unable: to find any ‘method which gives | as good results as as 


§ 
Fl is dealing with a real live problem in process of solution. As he seems to ; 
3 be somewhat at sea about many features of the question, it may be well to state 
_ briefly some of the fundamental principles thatenterintoit, 
He has to deal with a river (the Liao River of China) of which the cross- ww Se . 
Eedlenel area is about 58100 sq. ft., the width 2700 ft., and the maximum num 
a depth about 380 ft. at low water—a river having a tidal Tange of 13 ft. at spring iA 
es tide, a current velocity as great as 44 knots per hour, and a bar at its mouth 
 qatending ‘more than 8 miles into the sea, with depth of only 6 ft. at low 


i This river bdedts at the north end of the Gulf of Liao- ~tung, a protected kes 
Bi: body « of water extending in a southwest by south direction 300. miles, including — 
% "the Gulf | of Pe-Chi- Li, and havin a width of 75 miles. The southwest by 
~ south winds, therefore, will produce thé heaviest w waves, es, which will strike gas 
& “ety end on, a direction most favorable for its resistance. its 
stated | by Mr. Fawcett an attempt is being made to "deepen the 
hog the bar by yy means of a a single « curved training w wall, of which 35 000 ft S > 
has already been constructed to a height of about 3 ft. above low water, and geet 
oy 6000 ft. more has to be constructed to complete its projected length. — 
This work is progressing from the ‘shore end seaward and there has been an 
advance of the bar of about 8.000. ft. in the ‘8 years ¢ since it its commencement. 


From this fact Mr. Fawcett concludes that a single ‘curved jetty will 


wet 


bar advance; although the writer maintains that it will not do so when given sen 


the proper order of and carried to a heii ght above ordinary high 


" i A paper + entitled “The Economie Location of Jetties™ gives the Tules for ice 
the the 2 proper construction of a | single curved jetty | so as to prevent bar advance. 
- These rules require that the foundation be constructed first to . the full length ve 
the ) proposed jetty and then that the structure be completed to -its full 
eight, working from the outer end toward the shore. It is also shown in 
that paper that the single curved jetty at Aransas Pass, Texas, built i in accord bs = “4 
with these rules caused no bar advance during the 14 years of its construe 


ion, nor after its completion pais alt ‘ 
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a single jetty, centrifugal force constrains the current tp 

ait ka follow the line of the wall, and the helicoidal action causes the deepening of 
. channel. 6 When the jetty is submerged, however, these forces cannot fune- 
tion and hence any attempt to compute the results | to be expected from ‘such 
wall be impossible, as Mr. Faweett. has. found out for himself, He 


An — das the blame to the formula, however, instead of to the submerged wall. 


the jetty | built to full will create. channel across the bar 
zt x equal cross-sectional area to the channel in the river itself, and it 
an possible to compute its shape and size with a close approximation to the 


actual. T This computation has been made; the results are given in Table | 35 


nas 
_ and Fig. 16... _ This diagram shows. a channel, width of 900 ft. at the 30-ft. 

TABLE 35. 5.—Liao River, Nortu C (Fie. 16). 


pa Computed from Formula (6). obit 

| 15.42 | Location, outer bar (theoretical)... 
Area of riv at mean low tide, 58 100 
Area of section, 6 ft. below 41900 sq. ft. 
1 
61 
92 
5 


ad, 


Bee: 


Mean depth of section, 6 ft. below water surface, 15, 
Radius of curvature under construction, 


° 


rent Win Fo Formula le ©) = chain 
Ya _ The basis for this computation is the area of the cross-section of the rive 
pet: ‘poi int 1 ‘000 ft. above | the inner ¢ nd of th the jetty. This area may not 
: quite exact, as the map from which it was calculated i is of small scale and ae 


cates only a few soundings. _, However, it will suffice to show the method to 

be pursued. 


Tt seems hardl necessary to state that the quantities, D and P, are not 


interchangeable in Formulas (4) and (5). « of them was. devised to” 


2 


reproduce the cross- -profile for a channel occupying the entire waterway, and 
am the other for a channel occupying only part of the waterway. To interchange | 
these > cons tants ‘would make both formulas untrue. 


oe vated to be carried from the concave to. the « convex ‘side of the channel Tt 
seems evident tha with ‘only | one jetty the material excavated can be more 


easily dispersed laterally than with | a8 _ second Jetty, Tesistin z the lateral flow. 


io This will explain the fact of a single « curved jetty “producing a better cha nnel 
& than two parallel curved jetties of the same curvature. 


Tn a curved channel] the helicoidal movement causes the material 
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tion, 


j - the current to follow the curve of the jetty or the velocity is insufficient to pro: 


Mr. Faweett is to be congratulated for the excellent location g given to the 


4 RIPLEY ON ¢ RELATION OF DEPTH TO CURVATURE OF CHANNEL! 


“the , material excavated by a single curved jetty is not carried § seaward, 
ne Ser 
t is dispersed laterally « causing g deposits along the convex side of the e channel. 


These. dey posits ar are continually — being dissipated — by wave action and sea 


The minimum radius to be used in Formulas — (5) and (7) must not 
ess than 40 times the square root of the total area of the isation: . 
ral Remarks” in Table6.) 


40 
Width in Hundreds of Feet of 


a a At the time ‘this paper. presented this was the greatest radius actually 
“tested. Subs uent consideration of the matter, however, has convi inced. the 
writer that the maximum limit i is ‘much ¢ greater than this. Indeed he believes fs 


the limit is only reached when the centrifugal for force i is insufficient to constrain _ 


of the area of the channel. The exact figure has not been 
y 


duce any effectual helicoidal movement. 


1500 
- jetty and for the prospect that ‘this work may prove to be a a remarkable success 


without the necessity of second jetty or of a ‘resort to. dredging. The 


increased curvature indicated for the o outer portion of the jetty. is objection — 
‘able. In order to secure and maintain a uniform channel, one radius of curya- 
ture ‘should be maintained throughout. He may also be assured that 
further: material advance ‘of, the bar can be prevented by constructing the 


- foundation at once to the proposed outer end of the. jetty ‘and then building 


the work to full height from the ‘outer en | toward the shore. 


es In ‘concluding this s discussion, the w wr riter wishes to acknowledge his indebt- 


. - edness to the Chief of I Engineers, U. s. 3. Army, to the Director of the U. 


Coast and Geodetic Survey, and “to the Secretary of the 
Commission, for valuable information and data forntehed him, 

, Also like tc to call ‘the | attention of the members of the Society tot 
- eminent scientists who have joined in ‘this discussion. 
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ae aan It i is roughly | estimated that on Federal irrigation projects a lone, 1000 
acre-ft. of water is | lost each year by evaporation from reservoirs, ~ Much of thie 


loss is unavoidable, but in some instances substantial economies can be effected 


if the nature and extent of the losses are thoroughly studied. —— 
Reclamation Bureau e engineers have been collecting and ‘studying apora- 


tion data for many years. Floating o or and pans, sometimes both, ‘have been 


a maintained on projects where large ‘Storage reservoirs | are necessary parts of 
-works, the prim ary ‘object, of course, being to determine as accurately 

as possible the actual evaporation losses from the reservoir surfaces. Although 
variations in | type of installation and equipment sometimes have been nec ft 


in order to meet local conditions, the general design for land -pan installations 


- @hhing recent years has followed the specifications adopted by the United 
‘States 1 Weather Bureau for its Class A s stations. The ‘Weather Bureau has ec cO- 


operated with the Reclamation Bureau, in many instances, in furnishing equip 
ih as well as in publishing daily and monthly records. Records published 


ee Nots.—The subject of this paper is one of ten selected by the Special Committee on 
 Trrigation Hydraulics for study and research. The paper was prepared in co-operation with 
ig. B. Debler, M. Am. Soc. C. E., at the suggestion of the Committee in order to make avail 
able for general use much valuable data heretofore only found in the files of the U. 8. Bureau 
ot Reclamation = | | als Thee ot Soh 
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the “Climatological Data United States”, the 


Bureau, are mostly for land-pan stations, but a few floating-pan records are 
5 included therein. _ Daily and monthly records at several stations included in — 


tabulations accompanying this paper have ‘not been published. 


a paper summarizes the evaporation investigations of the Reclamation a 
ureau,* the more important features of which are briefly described as follows: 


—Mean monthly evaporation records, with corresponding temperature, 
7 wind, and relative humidity data, whenever available, | are given for all s = 
—Maximum and minimum “value of and 


- 


$—The necessity for considering conditions in applying 


evaporation data is shown by a diagrammatic records (Fig. 4) 


ith 


4.—The evaporation from a land pan, 14 in. deep ar and 3 ft. square, set in 


the | ground with earth banked around the s sides, was | found to be only 12% 
of the evaporation f from a Class A land pan, 10 in. 1. deep and 41 ft. + =: 


set on on | the ground with no earth around the sides. 
b-6. —The evaporation from a land pan on the ground at the edge of an alfalfa 


= 


troubles in floating pans have been ‘waiting by 


the mean temperatures from about 9. 6 to 
Monthly Records —Revor ds of evaporation at all 
stations on Federal ral irrigation projects, whether maintained by the ] Bureau of — 
Reclamation or r by © other agencies, a are _ summarized i in Table 1. In addition <7 
the actual data, “pertinent descriptive data regarding location, equipment, 
exposure, records, and parties maintaining the stations, are given in the table. 
Stations in the same section of the , country have been kept together as. far as. 
_ possible. The locations of the stations are indicated on the key map, Fig. 1, by 
the numbers enclosed i in circles, these numbers being th the same as those notec 
above the station descriptions in Tablel. 
__ In order to avoid useless distinctions, the name, Reel clamation Bureau, 
has been used in Table 1 to designate the former Reclamation Service as 
well as the present organization. _ Acknowledgments for use of unpublished 
 ‘Tecords are due the irrigation officials of the Office of Public Roads and Rural 
Engineering, United States Department. of Agriculture; ‘also ‘the California- 
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 BVAPORATION ¢ ON RECLAMATION 


“Descriptive Data”. Following: the evaporation records, wherever the 


an monthly evaporation records, in inches, are given in’ Table L und x 


Fahrenheit, mean monthly wind velocities, i in miles per hour, and mean mont : 
relative | humidities, in percentages, these being the ] principal meteoro gi 
factors that affect evaporation rates Unfortutiately, relative humidity deol 

4 were available in one or two “instances. ‘Years of record are 


inclusively i in all cases. Sizes of pans, ‘for all stations except Station No. 
ves aa are noted by giving the vertical depth first, then the Giptanep across, thal 


= 


the shape of the cross- -section, as “19 in. 3 3 ft., square.” 
oe a Evaporation records, like most observational data, are difficult to maintaal fee 
continuously for long periods of time. Unforeseen interruptions occur Cespin 

best laid plans. Animals break through the fence and drink the wa water | ter 

pom waves splash over the edges of the pan, the pan develops a leak, or some ok = 

happening of similar consequence vitiates the records. Although the 


tom ay for some of the stations, principally Class A installations, are practically con: 
tinuous, records at are not. As a rule, interruptions arelam 
frequent at land pans than at floating pans. They are also less frequent Wy 


the warmer stations where : freezing seldom or ‘never occurs. At the northen 
stations it is, of course, necessary to discontinue the records during the wink 
‘months. Temperature, _ wind, and ‘Telative— humidity + records are seldim 
pid interrupted, except when the stations | are dismantled for the winter. Som x 
ee times these records are maintained during the cold weather and only th Sevg 
ae — compiling the data in Table 1, questionable records were discard 
a Records were not interpolated except in cases where only a few days’ obsertt ._ 
tions were missing. “ Ordinarily, if mor more than a week’s data were e missing i ut 
any one month the remaining records for that month were disregarded # ER 
Sheltie the averages. . Consequently, th the mean monthly values for a give nk: 
station may not be entirely comparable as regards” length of record. 
illustrate, the mean evaporation for J une may be’ calculated from five 
whereas the mean evaporation for July may be based on six, ‘seven, ‘or som 

Range in "Evaporation. .—The range in annual evaporation at selected stt 
oan tions is indicated by the data in Table 2. Maximum and ‘minimum recon | 


i) 


Be a their differences, and the years in which they occurred, are given for the 

stations that had the greater numbers of full years of record. Quantities ar 
4 in inches, also in ‘percentages of mean values. “Tt will be noted that tie 
S ae total range varied from 8.55 in. at the East Park Reservoir to 25.47 in # * 
Cold Springs, ‘the corresponding percentages being 13.7 and 49. 0, respective 

Similar data showing variations of monthly evaporation at the floating-pa 


i station at at the East: Park Reservoir and at the land- pan station at it Elephaat 
By: = are given in ‘Table 3, these stations having been chosen because theit 

coords contain. practically no interruptions, thanks the aficient 
ision of R. “0; E. Weber and L. M. Lawson, M. Am. Soc. O. E., Projed 


Superintendents. ‘The difference between maximum and minimum record 
ndividual months vary from 1.14 to 4.20 in. at Fast Park ae from 2 se 
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East Park Reservoir....... 


uma Evaporation........ 
Fallon Experiment Farm.. 


uma Citrus.......... 
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to 4.40 st Elephant Butte. ig. 2 is a view of the floating pan at 
ese E. Park Reservoir. Fig. 3 ‘shows the land-pan station at Mesilla Park, ; 
Grande Project, maintained by the New Mexico Agricultural Colleg he 


Se See wieatiint the data it was noted that records of daily evaporation as 


4 in evaporation caused by variations in conditions is 
a the records at two Yuma Stations. _ These ‘ate both Class A inetd 
the 


‘maintained by ‘the University of Arizona, Records are published by 


is Weather Bureau. _ ‘The stations are less than 10 ) miles apart, and the 


annual: temperatures” differ by only 3.8 degrees. Consequently, one 
expect the records to be quite similar. _ However, the annual evaporiam 


measured at the Yuma Citrus Station is about 70% more than that cba | 


at the Yuma Evaporation Station. ‘The diagrams in Fi ig. 4, platted from 
_ data in Table 1, would indicate that differences in wind velocity ay 
responsible for this variation, the velocity at the Citrus ‘Station being mo 
4 than twice as great as at the Evaporation Station. — Although the greate | 
"wind velocity undoubtedly accounts for part of the increased | evaporationy# 
pees: importance is the much | lower relative humidity at the Citru 3 Station. 
= The Yuma Citrus Station is situated on a desert mesa whereas the Yum 
= _ Evaporation Station is in an irrigated alfalfa field. — This | situation illustrate 
ee the necessity of observing r relative humidity data’ at evaporation stations, 2 
also shows that a careful study of meteorological conditions must be 


if the new location is only a few ‘miles distant. 

3.—Rance in Montuty Evaporation at THE East Park 
Savion, AND THE Burte Lanp-Pan Station. 


January... 
February 


ow 


tor 


and Installation of Pans. —The stations included in Table 1 
consistent regards: kinds of p pans and methods of installation. 
different sizes and shapes are represented, as are also several different styles @ 
‘mou unting. Fortunately, direct comparisons of records at differently design 


installations are » possible i in one or two instances. 
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Fro. 2.—FLoaTING EVAPORATION Pan AT THE ‘East Ruszavorr, 


— 
— 
— 
— 

— 
MiG. 8.—Lan-Pan 81. — 

— 


butions wre We 


- the ground with earth banked around the sides to the level of the water which es 
was kept about 2 in. below the top. The other—a Class A pan, 10 in. deep — 
and 4 ft. in n diameter—was set on the ground with no earth placed around 
sides. The evaporation from the former was only 72% of that measured at ae 
latter, the percentages varying from 69 to — 


the summer of 1924, pan, deep and 3 ft. was set 


daring the summer seasons from 1911 to 1919, inclusive. One pan, 8 in. deep 

- and $ ft. in diameter, was mounted on a tower 11 ft. above the ground. The | 

7 other, 4 ft. in diameter ;:degth ‘not given, was situated on the ground at the ¢ 
edge of an ot field. The evaporation from the latter was only 62% that F- 


from ie former. Individual monthly percentages varied from 8. 


oon Floating and Land- Pan Evaporation. —Floating pans and 
_ maintained at the Nelson Reservoir, Milk River Project, Montana, from 1921 J * 
to 1923, inclusive. Both pans were the Standard U. S. Weather Bureau 

A type, 10 in. det and 4 ft. in diameter. — Pan No. 29 in Table 1 gives the | 


records and ‘the Tatios of the floating- averages to th _land-pan 


averages. The ratios vary ‘from 0.60 to 0. 76, averaging 0.68. ates Sh 


on in inches 
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Monthly Evaporati 
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EVAPORATION STATION “YUMA CITRUS STATION 


Fic. 4.—COMPARISON 0 or F REcoRDS p tend 
af 


Similar comparative records were maintained at the Ralston’ ‘Reservoir, 
Project, ‘Wyoming, from 1911 to 1914, inclusive, using -Cireular 
: pans 8 ft. in diameter, depths not known. The ratios of floating- -pan averages — 


to land- pan averages varied from 0.50 to to 1.09, averaging 0. 71. These values 


— 
a 
a 
+ 
— 
— 
a 
a 


ae _ Attempts to obtain similar comparisons at the Deer Flat and ad Arrowtrod 
2 Stations on the Boise Project, Idaho, were made during the summer of 1916, 
sy but owing to sloshing troubles no very satisfactory information was secure) 
Sloshing troubles at the floating-pan- station at Nelson Reservoir were partly 

son eliminated by installing a No. 22 gauge, galvanized, sheet-iron honeycombd in 


_ the lower part of the pan, dividing it into compartments approximately 12 i | 


Evaporation.— —Ice evaporation was measured at Saco, on the 
River Project, during the winter of 1922 and 1923. G. E. Strat 


Soe. C. E., Superintendent, reports as follows: «tk ag 
ati a _ “An attempt was made to get some rough data on the winter evaporation 
= = 3s For this purpose, a pan, 14.85 in. in diameter (in which 1 oz. of water in 


in. in depth) and 20 in. in depth, was installed on a platform scale, 
ae Saco. Some trouble was experienced with the pan bursting during thawing 


and freezing weather a , but in ‘general it was maintained during the winte 


‘The results of Mr. Stratton’s « experiments : are given in ‘Table Tt wil 
2 ie be noticed that the average daily rates ‘vary from 0.010 in., ” in J anuary, when 


mean temperature was -9.6° Fahr., to 0.070 in. in November, wher the 
TABLE 4.—Ice oN THE MiLK River PROJECT, 


During tHe Winter or 1922 anp 1923. 


4 -ininches | In [per month.| 


| 


Gir 


. Practical Value of the Data. —Generally data i in Tablet 


te are not well adapted to theoretical studies of evaporation laws, or to testing 
the various formulas which have ‘been prepared for calculating such losses 
This is ‘because of the varied _ types of equipment t and installation repie 
sented, as well as of the interruptions i in the records. — Some of the longet 


more continuous records at the warmer r stations, such as those obtained 


5 
Z 


poses; although they are not as desirable as ‘specially conducted experiment 
LSS. 
Ses on by scientifically trained observers. However, it is believed that the 


rs, but also to those engaged on mun ‘icipal water, ‘supply, worl 

power or any other of the many engineering problems 


East Park, Elephant Butte, Roosevelt, and Yuma, may be suited to such pur | 
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DIscUssI ON ato oul 


s. M. ‘Au. Soc. C. E. (by letter) —As indicated by 
the author, the « question of evaporation is of great importance to 
been considerable “uncertainty and difference of opinion on this sub- 

ject, and the author is to be complimented on having assembled his informa-— ME 

: tion in such good form. As stated by him,.the obtaining of dependable infor- — 

‘mation has been attended by 3 many circumstances affecting the reliability | of 

the To one not familiar with this subject it might seem that it 

bea simple matter but it is far from 

No mention is made of precipitation. writer believes that definite 
information should be furnished in this connection. The question at once ~ 


; “tion with precipitation deducted, and others without taking it into account. oe 
‘Also, information is desirable as to m ethod of handling pans, that is, a 
water is added daily, weekly, monthly, etc., to keep the water le 
p to a fixed mark. As the keeping of records for a a fodtiiie pan is much more <3 


dificult than for a land pan n the comparative -walues between and 


FoutansBer,t Soo. C. E. (by —Thisi 
sents a mass of valuable information on a subject that is of especial importance — 
to hydraulic engineers in the Western States, and in regard to which ania, 
ing literature is meager. The measured evaporation from ice is » the only 
record of that kind the writer has seem. 
The records 88 the author has given them represent evaporation measured — 
fe pans of. different sizes, . either set in the ‘ground, resting on top of it, or a 
floating in ponds and reservoire. In the form given, the records are not all 
comparable, do any of represent ‘directly the evaporation from 

at 


“Reduction factor. 


Pam A Station, 4 ft. circular, 10 in. deep, on ground.. - com 
y 18 in., floating 1 
circular, 2 ft. deep, set in groun 
A Station. floating 9 
circular, 22 in. deep, floating.. 


__ Fortunately, data are available for the reduction | of these records to plaliek 
km been « called “reservoir equivalents” | or the corresponding evaporation from 


Dist. Engr., U. S. Geological Denver, Colo, ix 


— 
—_ 

wrock 
1916, — 
ale, at — 
winter evaporation less precipitation. This question has frequently arisen in the “d 
pynorience some eneines s heing in the hahit af « af 
5 
grees” 
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an the surface o of a large body of water, under the same conditions of tempera 


humidity, and wind velocity. The most comprehensive experiments ty 


ci and immediate | surroundings were th those made ade by the Office of of Public Roads § 


i Litt ai RESERVOIR ot el a has 


| 
8.70 3.74 
4.16 
3.81 
1.61 


Valley, near Milford, Utah, during 1925. 
either’ been taken: directly, or r deduced, from the Denver experiments, 
Sais It wi be noted from Table 5 that the factors for the Class A pan, floating, 


‘wet 
The writer has recently made a study of the evaporation records in, and 

adjacent to, the Colorado River Basin and has reduced to reservoir equivalent 

ee number of the records presented by | the author (Table 1), who used data 

1928, inclusive, in determining his mean monthly values. In the table 

da 1985, 

reservoir r equivalents, ‘Table 6, the means are based on all records to 1 

ee The addition of two years more makes very little change i in “the 


monthly and wind velocities as “originally given, =“ they 


In addition to the Reclamation records, the writer has. compiled 


| 


together with temperature and wind velocities. 
Mad On an average 50% of the evaporation at the si stations noted in Ta le 
oveurs — the 4-month period from June to September. bel 


Journal of Agricultural Research, Vol. 10, July 30, 1917, ‘Pp. 


determine the proper reduction factors for pans of various diameter, 


“Agricultural College” in Weather Bureau reports. 


‘The factors of Table 5, applicable to most of the author's records, have 


gen. 
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4 
7. —Mean Montuiy Reservoir EquivALENT FoR EVAPORATION Sranioxs 


anp AI ADJACENT To Cotorapo River Basin.* ov New 


s 


| Tempera | Wind || Tempera- | Wind 
Reservoir a 
in inches. | rahrenheit.| per hour. fo inches. Fahreahet. hour. 
4 
WaGorw#kEL Gap, CoLo., Santa Fe, N.  Mex., 1918-1914; 


— 


N. Mex., 1915-1925. 


| 


a 


A 


9 


rf 


x 


4. 

6. 

6 

7 

4 

3 

1 


ey 


POW 


orest Service. opal 
 Wagonwheel Gap: Mean of ‘records two Class” Stations, on 
ear-by slopes, one having a northern exposure, and the other a southern exposure. Myton: 
Class A Station. Santa Fé: Records for 1913-14 taken by floating pan, 3 by 3 ft. by 18 in., — 
ae reservoir, 1 mile west of city. Class A Station established in open space on edge of city 
in 1916. Farmington: Floating pan, 3 by 8 ft. by 18 in., on slough near city. Piute Dam: 
lass A Station in Sevier River bottom, 8 miles south of Marysvale.  Piute Reservoir, 500 ft. 
south, and Sevier River, 200 ft. southeast. — Mesa: Class A Station in alfalfa field, 1 mile 
west of Mesa, in Salt River Valley. Lees Ferry : Class A Station in eanyon of Colorado 
_ River, 10 miles south of Utah line. Walls of canyon distant 100 and 200 yd., respectively ; 
river, 400 to 600 ft. wide and 140 ft. distant from pan. Willcox: Class A Station in alfalfa n 
: field, 3 miles northwest of town, in north central part of Sulphur Springs Valley, which has Ret 
early level floor, 9 miles wide. Deming: Floating pan, 3 by 3 ft. by 18 in., in pond of con- os 
iderable size. Yuma Reservoir: Floating pan, 3 by 8 ft. ag 18 in., on railroad reservoir in 


Yuma. Values in parentheses were estimated. E uh ae 
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a). 


Reservoir | 
\equivalent. 
in inches. 


Fahrenheit. 


Wind 
velocity, 
in miles 
per hoor. 


ture, in 
degrees, 


— 


Mesa, ARIz., 1917-1925. 


+ 


ig 


* 


+ 
or 
& 


4 


7 


aniz., 1922- 1925. 


: 


SSRALAVSRESS 


Wise 


8 
8. 
7. 
5. 
4 
1 


equivalent 
ip inches. 


- The evaporation at the higher altitudes is influenced greatly by ail 
‘The Wagonwheel Gap records (Elevation 


on which the records taken. 


¥ 


ye "northern | exposure and one having a § southern exposure. The former receitts 
- ile direct | rays of the si sun for a shorter period than the latter, and the resulting 


it is possible measure evaporétion without interferences from ‘reall 
| Ta 8 shows the mean monthly values, each covering records of five years, 


for the two slopes. 


_ Reservoirs of any considerable size at the higher altitudes are usually sur 


rounded by slopes of both exposures, and the evaporation from the er 


eyes surfaces will approximate the mean of the values for each slope 
ih the arid Southwest the factors” influencin 


evaporation fo for any given 


month have a relatively s small variation from 


23 small variation in the total evaporation for each year. Table 9 shows the Bo 
centage of mean measured each year at ‘Farmington, N. Mex., and 


‘Mesa, Ariz. 


baoilint no, 


it 


Baties 
at 


e 


off 


year to year, and this causes 


Fahrenheit. | per hour, 
— 


Pat 
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Equivatewr) on SLOPES or NorTuer 


Month. 


South 


The author calls attention to the need for observations of relati ve ity 
"Tt evaporation : stations, _ In none of the : records g given’ by him are re strictly © ae 
comparable relative humidity records available, as the only ones presented — im 
were taken some distance away under different conditions. Being at regular 
8. Weather Bureau stations, they were | presumably taken at a Point some 
"distance above the ground where the air is dryer than close to the . evaporating = 


fa inches, |; Of mean |, 08 mean, 


98 
wilh, “04 109 : 


aed ‘The writer agrees thoroughly with the statement that a a careful ae 
of meteorological conditions must be made before evaporation data obtained a 
in one locality can be used elsewhere. Unfortunately, records of wind 

a - obtained at regular U. S. ‘Weather Bureau stations are not directly comparable 

_ With wind velocities recorded at the Class A Weather Bureau evaporation — 

e stations. The former are » usually taken o on m the roofs of buildings from 85 4 to 
60 ft. above the ground and the latter are taken 2 or ft. above the 


. 
rhe 
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- 
— 
— 
vend ten 
alting ie 
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r, for — 
a 
zing. 
rears, 
water 
4 
a — 
‘per 


is impossible with | any considerable degree of a compariam 


between evaporation in different localities, based on a 4 


abn, Winp VEtocrry, uy per Hoor. 


‘Santa Fe, N. Mex 
Yuma, Ariz., 
Mesa, Ariz. 


Agricultural College 75 


Since the x rate of evaporation depends ‘Primarily on the capacity of the a 

absorb additional moisture which, in turn, “is measured by the relitite 
an is possible that if records of the humidity, taken close to the water 
: . surface, were available, a relationship between it and the rate of evaporation 
be found. ‘records of humidity, however, “the 
The interdependence of temperature, relative humidity, and wind velodi cities 
is well illustrated by the three Yuma records. While the mean annual tem 

; sag at the different stations varied by only 4°, the ‘reservoir equivalent 
of the observed evaporation varied from | 53.8 to 81. 3 i in, _ Although records 
— humidity are not available, it is known that ae must have been com 
siderably higher at the ¢ Evaporation Station in an alfalfa field near the rive 
than at the railroad ‘reservoir, and still higher than at the Citrus | Station 


situated on a barren mesa having a wind velocity 85% greater. Ree 


ei. Meexer, Am. Soo. C. letter) —The compilation on 
evaporation given by Mr. Houk fills a large void in enaimecring literature, 
and d his: extensive tabular data. should find wide use, when reduced by the 
"proper: coefficients to open-water conditions, One valuable feature of th 
evaporation records on Reclamation projects is their general standardization; 
another important feature is the duration of the records, largely ranging from | 
five to sixteen years. Hereafter there can be little excuse in the Westem 

__ United States for the evaporation vagaries resorted to in the Lake Conehes 

+ studies 6f 1915 + and the Southeastern Oregon Duty of Water Analyt 


* Cons. Engr., Interstate River Compacts, State of Colorado, Denver, Colo. _ — 


+A Study of the Depth of Annual Evaporation from Lake Conchos, Mexico,” by B@ 


oe pert Jr., M. Am. Soc. C. E., and H. L. Haehl, Assoc. M. Am. Soc. C. B., Transactiomh 


_ “Determination of the Duty of Water by Analytical W. C. Hammalt 
M. Am. Soc. C. E., Transactions, Vol. LXXXIIT Pp 201 


— 
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e chief factors influencing the rate of evaporation are relative humigip gar 
the 
x 
war 
Oh 
Ww 
— 
— | 
= 
f 
relation of evaporation data to open-water surfaces, together with the nee 


= 


— coefficients for reducing various types of pans and tanks, to a bitin: 
basis. While such material is meager, it is correspondingly valuable. There 
isa pressing need for additional field laboratory studies to check and confirm 


we present incomplete data on coefficients of reduetion, for pans and tanks nll 


area. It is desirable that the relation of data os secured 


determined 


Jong U.S. ‘ef 


laboratory st studies of evaporation from water surfaces i in pans and 
“tanks of various shapes and sizes, and under | diverse conditions. These field ey 
~ studies were made at Denver, Colo., , and are, | as 1 far as | the writer knows, the opt a 


comprehensive data e extant in this field of endeavor. The field laboratory 


“water therefrom. In three instances coefficients of 
have the: writer from | the data and are — 


By the same conditions of wind, air temperatures, and 


in Tanks and Pans.— —Confirmatory data on coefficients of reduction 
a for v various types of ‘evaporation pans and tanks are meager. Table 1 contains — 
records of an ‘evaporation ‘station on Nelson Reservoir, Milk River Project, ay 
h: Montana, which offers | a rough confirmation of the Sleight coefficient of 0.66 


for 4-ft. circular land pans, 10 in. . deep. 


the Nelson Reservoir Station simultaneous records were re secured i in both 
z land an nd floating pans of the same size (4-ft. circular, 10 in. deep) for a ey 
of 6 months, ‘covering 8 years. The Nelson Reservoir data give a 

coefficient of 0.68 for the reduction of records secured in a land pai pan ft. in 


= to floating pans of the same dimensions. This figure is only ‘roughly 


comparable to ‘Sleight’s coefficient | of 0.66 because the floating-pan an record 
not the equivalent of an open-water ‘surface, but is still subject to a slight “de 


teduction to represent open-water evaporation. to 


Evaporation Data Reduced for Application to Open- Water Surfaces.— 
‘Table 12° contains evaporation data red reduced for application ‘to open-water 
fttlacee, It is derived from the evaporation records submitted by Mr. Hook 


£ mk, reparation from the Surfaces of Water and River Bed Materials, " by_R. B. Sleight. ae 


‘Assoc. M. Am. Soc. C. E., Journal of Agricultural Research, Vol. X, No. 5, Agee = — aang ‘ 
vig t Journal of Agricultural Research, Vol. Vol. x, No. | 5, July 3 


‘that 
parign 
par 
ONS, Especially is a check needed on the Sleight data secured at the Denver = ae 
for open-water conditions. = d Moss 
Coefficients of Reduction for Evaporation Records to Open-Water Sur- ‘Cian : 
M. Am. Soc. C. E., Irrigation Engi- 
4 
ocitia 
1 ta 
valent 
rds of — 
tation 
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esters 
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MEEKER ON ON OM RROLAMATION 

Dies evaporation. records submitted by the 
Columns (4) and (7) contain the important data used in rednotiod/¥é open: 


= 2 mater surfaces. Column (4) gives average yearly records of evaporation, 


transposed from in inches, to depths, in feet. Column (7) gives th 


-open-water surfaces, and od is the result of applying the coefficients in Colum 


OpEn- 


TaNKS AND Paws. 


Depth of water| Dimensions of | Coefficient of ko 


ank reduction to 
tank or pan, tank or pan, Remarks, 
in feet. in feet. surfaces. 


3.0 2.75 | 2.0, diameter rin 0.77 Tank set in ground to depth 2.7% ft. 
4.9, diameter Tank set in ground to depth 


6.0, diameter 0.90 Tank set in ground to depth 2 

9.0, diameter on 0.98  /|Tank set in ground to depth 2. 

12,0, diameter 0. Tank set in ground to depth 2,75 

6.0, diameter Tank set in ground to depth 2.17 

6.0, diameter |Tank set in ground to depth 1,% 

oti set on timbers on ground. "This 

O.88t 4.0, diameter pal, <| pan is used at Class A evaporation 
cations, U. 8. Bureau. 

Tank set in ground to depth of 2.75 ft. 


ay i 


Roun ‘ equare @ 0. to reduce wave action. This is 0.8 
en a Geological Survey floating standard. 


tN Pan set in water; submerged to 
4.0, diameter 0.924 depth of in 
3.5, diameter . 


ft. 
ft. 
ft, 
ft. 
ft. 


_. © Data trom Denver Field Laboratory located at Elevation 5346, open prairie land. Long- 
ime climatic records at U. 8. Weather Bureau in down-town section of Denver, located @ 
of office buildings, are as follows: 

aa 


Mean annual temperature, in degrees Fahrenheit... .50.1. ++ +58 ears: ears record 


Approximate- by writer from Sleight data. ol ‘Sh 
ae the risk ‘of incurring ‘criticism | because of the paucity of reliable 
” - information concerning proper evaporation pan coefficients, the writer has pre 
: pared Table 12 primarily as a step in the correlation of evaporation records 
Me - with mean annual temperatures. _ Records from Mr. Houk’s paper have been 
& x used only where there are complete yearly records for a period of several yeats 


Table’ 12 con ntains the information used in ‘Fig. 5. This diagram n 


> . 
ae correlation of evaporation with mean annual temperatures and contains “ 


a 


— 
| 
— 
pan, in fd 
— 
££. 
— 
| 


EEKER 


the: of yearly evaporation values from open- a-water 
. It should be clearly understood that the “guide lines” r represent — 


end that the | plotting. of individual years with mean annual 


= “temperatures would show a wider dispersion. The heavy straight lines repre- 


= 


approximately average conditions of evaporation for various mean an annual 

temperatures, To the right and left of ‘these heavy lines are lighter parallel 
jines which roughly set the limit of maximum and minimum values. study 

a Table 12 will show that the minimum line i is controlled by data at stations 
where evaporation values are largely reduced because of special protection 
either artifi vial ‘or natural. The maximum minimum lines define 


SURFACE-IN WESTERN UNITED SrTarzs. 


} The u upper end of the heavy ‘ ‘guide lines” is controlled by data for mean 
annual temperatures between 60 and 70°, and are applicable to. <Imperis 


Valley ‘conditions. ‘The lower end of the heavy “guide lines” is controlled 


by evaporation valoen for mean annual temperatures between 40 and 50 degrees. ; 

evaporation values taken from Fig. are gross values, and in applying 

_ them to reservoir studies, yearly quantities, in feet, should be reduced by sub- - 

traction of yearly precipitation values i in order to determine n net evaporation 
values for the water surface under consideration. 
"The straight line defined by the ‘guide line”, is ‘not offered as 


available, Fig. 5 is offered as a guide for the determination of 
minimum limits as correlated with mean annual | temperatures, an , and furnishes 
- the ground for a decision as to the probable a average > yearly \ values, a assuming, of a 4 
course, that consideration be given to local conditions obtaining at the reser- 
voirs or bodies 28 of water where evaporation values are desired. Where time and 
other considerations preclude the a actual determination | by field laboratory 
- methods of evaporation values, it may aid to — limits and set an i ok 
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y of evaporatio on | 


ditions i in both the areas of origin and application. "Intelligent cecpa 


_ of evaporation data requires careful ‘study of the conditions under which 
vaporation observations have been made. 


Ra This discussion is intended | as a preliminary effort at celimtliel of evapora 


tion records in in the Western United ‘States. It i is hoped that Fig. 5 may se 


as an engineering tool and guide to further efforts and studies along this line 
of f engineering research. Table 13 is submitted as s additional information 


“in compiling evaporation records for forty-six stations ; the thanks 


ring Profemion, 


BL ‘Ax: S00. 0. letter) —This is of gen- 


eral interest in the West. From all the data collected it is hoped th that definite Q 
ay rules and instructions will be formulated for the use of, say, three sta nda 


types of evaporation pan installations, namely, floating, on the ground, and 
a ft. above the ground, and that a factor. will be be specified f for use with each 
tape: in determining the probable e evaporation from a storage reservoir. a be se 


TABLE 14. —EVAPorATION FROM Storsce 


aS 
Records: "1985 ‘(Water Year) October, 1924 to September, 1 1925. 
Maintained b City of Tacoma. 


Tem 


whe oh 


=z 


Evaporation, | : eT Precipitation, ; 
in inches, at __ humidity, — at 

: i ushman. 


as 
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* Supt. of Design 
a Portland 
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vt range of 12.5% of the yearly mean. Such a record, therefore, onal 
great value in estimating the evaporation from a proposed reservoir. 
‘ ti ‘The Cushman Storage Reservoir, with a capacity of 450 000 acre-ft., has 
xximum surface area of 4000 acres and a minimum area at full draw- a y 
: — down of 2000 acres, with ap probable yearly mean a: area of 3650 acres. In ae 
- hydraulic studies of the probable yield of the reservoir for power purposes a 
mean annual evaporation” of 36 in. was assumed to be liberal for the site. 
Bis is equal to a continuous flow cu. ft and is almost of 


will be found | to pans in determining th e actual a 


Janvis,* M. Soo. C. E. (by letter)—Although the data sum 

L marized by the sabia had been widely known in fragmentary form during» ri 
“past years, it has been enhanced i in value by his orderly assemblage and clear a cers | 
"presentation. Of special. importance is the comparison between rates of 
evaporation within the same locality as affected by exposure to desert w winds 

“or to air currents tempered by contact with dense vegetation like grain or : for- a 
age crops, the rate of transpiration of which may approach one-half, or wore, <hee ' 


of the evaporation rate for free water s surfaces. Yo 


Iti is probable that shallow pondage, such as dota of 2 or 8 in., may pro- 
mote greater evaporation than that recorded for either floating or land pans, 
due largely. to increased temperature. % It is ‘not unusual, in the irrigation dis- 
tricts, to find alfalfa and other field crops “ “scalded out”. by intense sunshine on 
the /Stagnant pools remaining for a | few hours after | each watering on dense 
clay soil, if ‘the surface i is slightly u uneven or - the drainage i is imperfect. This” 
danger i is greater immediately after a crop of hay h has been removed, leaving 
only the bare stubble. The preferable practice is to apply the water a fewdays 
before cutting, thus taking advantage of the protective shade and, at the same ae 
time, insuring a Vigorous new growth without delay. fave 
i Where health seekers’ colonies have been. established i in the arid regions, Ge 
it has been demonstrated that 1 the best results accrue from living above the 
canals and cultivated fields, because the: humidity exhaled from the g growing 
me may have a depressing el effect on the patient 2 and | prevent the healing..< of 


air In contrast with the cultivated: vegetation, the native shrubs and plants of 


the desert structures and covering which make each leaf, stalk, and 
"root act as a reservoir. It is truly remarkable what ‘sturdy growth is main: 


2 


tained un er a a few inches of annual rainfall, and how eagerly the pores open — a 


Investigations carried on by the U. § . Department of Agriculture and 
avons College Experiment Stations have shown that selected crops may be 
: * Care. U. S. Bureau of Public Roads, Washington. D. pass 7 


— 
— 
ve 
— 
to ™ Whe year’s record (Table 14) ta f 26 in. and indicates that the 
floating-pan evaporation of 26 he reser- — 
— tion gives a floa he evaporation from the ta 
sump high. It is probable that the evapo 
Ite J 
— 
4 
— 
on, 
a 
— 
— 
— 


ks ae 


% ‘a regions. One of the most successful expedients i is to plant and to falloy 

alternate seasons, thus u ‘utilizing two rainfall for 

~ erop. . Where the total precipitation is 12 in. or less per ; year, and the normal 

; vaporation rate from a free water surface or from wet gound exceeds this total 

‘ a one summer month, it is evident that the dry farmer or the settler on @ 

ign ‘project must be vigilant and able to fo reduce or nearly eliminaté the 
Opportunity for evaporation. Otherwise, the transpiration process would : 

and the plant leaves would wilt. A week’s delay beyond th the / proper time for &g 
seprrnctonein and renewing the mulch or dust blanket may transform fair’ pros 
pects to partial failure of crops. valde): 


ei rap Tn: view of the enormous rates of evaporation reported for the desert regions 
Be: ae the Southwest, usually from 60 to 100 in. per year, the reservoir losses 


together with those : sustained i in transit to to the farm unit may readily consti 


: ° ra. One of the m many y recent developments i in the Salt River Valley « of Arisouml 
7 ie installation of pumping u units to draw on the underground reservoir. The 
= plane of saturation had been gradually rising since the improvement ¢ of the 
Be * irrigation system by the Reclamation Service, and had water-logged extensive 
Cha areas, flooding basements, and reducing the productivity of large tracts. The 

a wells driven at strategic points and equipped with pumps have lowered ‘te 

water-table, reclaimed the areas inn need of drainage, added nearly 100 seo-ft 

es of dependable flow for the canals near the place of intended use, and eliminatal 

a a the fear of further water- ‘logging. Positive control of the underground water 

Bee has transformed it from a menace to a potential resource, more valuable than 

4 £5 yo surface storage because it is not subjected to such heavy tolls. = = 
= “eo The practical irrigationist ona reclamation project soon realizes that the 
os. f important consideration is not the c quantity of water delivered on his land, but . 
ie! the portion retained within Tange of root systems. Where a surface muleh i | 
carefully maintained, the crop may be matured in three ‘months or more ¥ with 
ene the same quantity of soil moisture as might have been evaporated from the 
uncultivated ground i in a few days of midsummer. 
properly interpreted, ‘rates of ‘evaporation from free water surfaces 
from wet ground are indices to the attainable limits of transpiration and the 


of ordinary crops. The great ‘is maintain 


a 
a 
¥ 
t 


erever the humus content OF the 


of the subsoil it practicable. On various projects where drain. 


_ age systems have been installed, it has proved advantageous to regulate the 


underground ‘water surface in midsummer by the intermittent use of flash- 


boards ‘in the > silt chambers or in the open ditches. ‘This process introdue 
the moisture exactly where it is needed, "promotes capillarity to the ‘rootlets 


‘- a but not to the surface, and thus maintains transpiration at a | maximum rate 


and evevoration at a minimum. same pi principle i is utilized wherever shrubs 


‘and als 
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ad the moisture which normally talic even in samt 

Ww 

| 
— 
th 
vi 
id 

A 
re 
| 
1 
— it 
avoid saturation and compaction of the soil such ac from 
— 
i 
iz 


floods and conserve the surplus | flow, it is advisable to make investigations, 


ormal aa 
S total os and basic provisions for the utilization of underground storage and also 


the underflow of streams | during periods ¢ of drought. This, i in } turn, would pro 


vide additional capacity for dissipating flood crests, adequate inlets are 


fs “This method of disposal not only saves the cost of deep trenching dad taege 
a ‘conduits, but conserves the water in a reservoir r effectually roofed by the valle: 
soil, and, therefore, immune from the usual losses. The City of Phenix, 
has utilized this method to great advantage. 
Probably the underground waters would be more extensively used and 
- pended on if there were some competent authority to prescribe mn 
‘The ‘usual pro procedure - thus far observed is to allow installations and pumping 
without restriction as long as the supply meets every demand, and without | 


= 


= 


of ‘te -Teference to depletion of reserve. However, after er the water- -plane has been 

lowered until the shallow wells are dry, the controversy naturally develops | into, 
litigation with its attendant delays, expense, and uncertainties. As a result, 
od the ma many meritorious projects have een abandoned with financial ‘loss to those a 4 
investors least able to afford such reverses ; and the hazards of financing 
Sy If the underground water resources were administered by the same authority 
7 be with the same regard for the public welfare as now govern the use of 
- surface streams, untold benefits would follow. This i is is especially true in regions — es 

we where the evaporation and transpiration rates are excessive and where the chief 
d, 6 a problem of f agriculture i is to maintain: the most favorable moisture content of A 
the soil for promoting and as on the successful 
-Revsen B. ‘Suzicet,* * . Am. Soo. E. (by letter) —This 

should be welcomed by all f the profession interested in irrigation 


1d the Sand hydraulics. The writer’s contribution will be confined mainly ae 
} summaries of part of the data collected by himself i in a two-year period during» 


which practically his en entire time wai was spent on evaporation research. 

In the summer of 1915 he went to Denver, Oolo., Engineer for the U. S. 

vr the | _ Department of Agriculture to build and operate an Irrigation Field Labora ra- 

ise tory. This project was conceived by, and the work was done under the iain. 

te the - tion of, » Samuel Fortier, M. ‘An. | Soc. C. E., then Chief of Irrigation Investi- 

“gations, Office of Public Road and Rural eh The major investiga- 

dues ‘tions at the Laboratory for the two years of its operation ‘before the World © 
on 

War were evaporation studies. The report+ of the first year’s 

a 1s not give to that eminent authority in irrigation engineering, Dr. — sa > 


* Asst. to Secy.. U. S. Dept. of Commerce, Washington, D. e 


is t “Evaporation from the Surfaces Water and River-Bed Materials,” by BL B. 
ournal of Agricultural Research, Vol. » No. 5, July 30,1917 
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= whete deep furrows are prepared for the reception of irrigation water, and ieee — 
covered soon thereafter with adust mulch, 4 
_. With the construction of surface reservoirs and embankments to control ae Se asalee 
a 

a 
ine —— 
— 
— 

= 

d als iia 
| 4 


on ‘EVAPORATION ON RECLAMATION PROJECTS 
credit the the e evaporation research project and guidang 


ng of the work throughout the period of operation of the Laboratory. — a 


et _ One of the problems set, and the one in partial answer to which the figum 


"presented in this discussion ‘were obtained, was the determination Tatiog 
between evaporation amounts from the surfaces of water held in containen 
oo ni The Laboratory,* its floating pans, ete., are shown i in Figs. 6, 7, and 8. ip 
a ae located within the city limits of Denver, but on the open prairie soutli y 
residential districts. icts. Methods, “accuracy of work, full ‘description 
all water- surface investigations have been preset elsewhere 


a Mer =. The Laboratory was completed i in time to make the first « evaporation mets 
‘urements during the third week of November, 1915. These measurements 

aS iS were carried through until September 30, 1917, and summaries of data obtained 

them are given herein. These summaries combine the data 4 publihal 

with one additional year’s observations. Many evaporation tanks 
aS ee ~ were used. In only two cases are the records continuous for the entire 

ha and as will be seen from Table 15 only two or three months’ observations 


4 from some of the types of tanks used. piol ka 4 


LOCATION PLAN 

an THE Fi 

RURAL ENGINEERING 


-SCALE IN FEET reer 


ier: 2. The first item listed in Table 15 is Ground T ank No. 4, f ft. ‘in dial 
a 3 ft. deep, set 2.75 ft t. deep, and with a a water depth. as near 2.75 as ‘it coil 


> 

J 


of from tanks of different sizes and shapes. The evaporation from 

of | operation of the tank with which comparison is made—is't ken 


* See, also, Engineering News, Vol. 76, No. 23, p.1080. = = 


_ ¢ “Evaporation from the Surfaces of Water and River-Bed | Materials,” by F a 
of Research, Vol. X, No. 5, July 30,1917. 


‘Teak: No. 7—85. 47 in. during the period, November 15, 1915, to September 
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SLEIGHT ON EVAPORATION ON RECLAMATION PROJECTS 
= descriptions, periods of observation, a1 amounts evaporated, end — 


Ui 
ratios between the amount evaporated from m Tank No. and that ‘from’ 


tanks are given in Table 15. 
Ne attempt 1 will be made here to explain the variations and ratios : found . 
between evaporation depths from tanks of different types. 8. Some of them 1 may an 
. e expressed quite readily by formulas, but it is believed that for practical use ee 


the curves of Fig. 9 will serve as well or better. ‘It cannot be said that _ 
ratios are exactly comparable as it was not possible to operate each 
continuously, or all for eq equal lengths of time. However, the ratios between 


Ground Tank No. and the others give factors: for comparison saad 
believed to be the best bases for study. 


he will be geen that, a 
~ fy 
_ Cylindrical 2. 75 ft. deep; water, 2.75 
. with diameters from 1 ft. to 12 ft. Tanks Nos. 1, 2,4,5,6,and7 ney 7 
(BS). —Ground tanks with square horizontal cross- section, 3 ft. deep; set 
9.75 ft.: water depth, 2.75 ft., with water surface areas of 4 sq. ft. and 9 sq. ft. 7 
ie ‘Tanks Nos. 3 and 15. For comnarison between square and cirenlar exposed oe 
- water surfaces there are Tanks Nos. 3 and 4, each with an area of 9 sq.ft. 
(C). —Oylindrical ground surface tanks of the U. 8. Weather type 
for Class A Stations; 10 in. deep; setting on wood foundations above ground. me 
_ The standard 4-ft. tank i is compared with tanks 2 ft. in diameter and 6 } ft. in 
diameter. Tanks Nos. 8, 69, and 70 give the relations. 
-(D).—Ground tanks cylindrical i in form, having different depths. A series 
-s diameters of 2 ft. and depths from 0.5 ft. to 6 ft. is furnished by Tanks on 
Nos. 18, 19, 21, 22, and 2. Another series with diameters of 6 ft. and depths be 
1 ft. to 3 ft., is given by Tanks Nos.17,5,and 16. 
‘wie; (£).—Floating cylindrical pans, 1 ft. deep, with diameters of 0.83 ft. to ss 


ft., and a floating pan, 8 ft. by 3 ft. square and 1.5 ft. deep. Tanks Nos. 9, 


results from each series are shown in curves of 9. 
Series. (A) —Ground 
4 Series (A) tanks. This set of results is one of the most 
valuable obtained at the Laborato ‘The curve, making only a small 
age with the horizontal between the point for the 19-ft. and 9- tanks, takes 

a ) turn upward and rises rapidly as the exposed water surface a area becomes ; 

ire than 9 sq. ft. The depth of evaporation from, a ground ‘tank 1 ‘ft. oe aa 
diameter was found to! be nearly 60% greater than that from the 12-ft. tank. 
a Iti is likely that a majority of the tanks installed ‘i in “the past fot’ ‘the | purpose 


ot obtaining indices of evaporation from large open water : surfaces have been 
from 2 to 6 ft. in diameter, , probably the greater number of these 
ae and 4 ft. The depth evaporated from the ground tank, 3 39 ft. in diameter 


and | 9 sq. ft. in area, , was more than 20% | greater, than that from the 19-ft. Sg 


@ Curve A (Fig. 9), clearly indicates that the engineer should carefully 

32 “investigate the method used to obtain | whatever data on evaporation he may 

have occasion to use. Unfortunately, some of the presented 


— 
f 
— 
| 
— 
4 
ae 
Gg 
4 
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TABLE 15. or Evaporation Measurements, DENVER, , Coroy 


Period of observations. 


| 


3 
tad? TANKS Lap aT LABORATORY 


Sand tex 
it 
Nov. 15, 1915-Sept. 30, 1917... 7 


« 
Nov. 15, 1915-Sept. 30, 
exoopt Dec,. 4, 1916, to) 
2 ft. in diameter, 33 Gt 

ov. 15, 1915-Nov. 18, 1916 
Nov. 15, 1915-Se t. 17, 1917, od 


except Nov. 21, 1916, to 
Mar. 11, 74 


12 ft. in diameter; 8 ft t. deep: rot 
set in 
water depth, 2. 

1 ft. in diameter, otherwise 
same as Tank No.7 


ee 


oy wise same as Tank No. 7 


6 ft. in diameter, otherwise 


- game as Tauk No. 7........ Nov. 15, 1915- Sept. 30, 1917. ge 2.87 
96 abi 


ft, in diameter, otherwise) = 

same as Tank No. 7 Nov. 15, 1915-Nov. 13, 1916. 

2 by 2 ft. square by 

deep; set in ground, 2.75 ising, At 
water depth, 2.7 ft... Apr 17-Nov, 13, 1916, and| 

from May 209 

89.49 


. by 8 ft. ad 
"same as Tank No. 15...... Nov. 15, 1915-Nov.18, 1916, 
and May 8 Sept. 24, 1917. 98.68. 
Class A type Nov. 15-Dec. 13, 1915; Mar. ui , 
6-Nov. 18. 1916: and Apr. 
2 ft. in diameter, otherwise 
same as Tank No. 8 R 
6 ft. in diameter, otherwise; ui ny roe 
. same as Tank No. Apr. 11-July_30, 1917.......). 26.66 
ft. in diameter; 0.5 ft. deep; T he 
set in ground, 0.25 ft.; 
with water deep.../June 5-Oct. 9, 1916, and) 
| May 28-July 30,1917,....) 55.62 
ft. in diameter; 1,0tt.deep;| 4. bon 
in ground, 0.75 ft.; and [ 
with water, 0.75 ft. deep..|June 5-Oct. 9. 1916 and) = 
May 28-Sept. 24, 1917.. % 
2 ft. in diameter; 1.5'ft. deep; 
 set.in ground, 1.25 ft.; 
with water, 1.25 ft. deep. ./June 5-Oct. 1916. and} 
May w-Sept, 24, 1917... 
2 ft. in diameter: 
_set in ground, i ft.; and oul 
with water, 1.75 ft. deep..|June 9, 1916, 


28,1 
in diameter; 6 ft. deep;|_ 
| set in ground, 5.75 ft.; and 
} 98-Sept. 2 17 
«16 ft. in diameter: ft. deep; 
set in groun BOS pas 
with water, 0.75 ft. deep. 9, 
6 ft. in diameter; 2 ft. deep; 
set in ground 1.75 ft.; and 
-_ with water 1.75 ft. deep... 


7968 
tate 
80.51 
- 
9.16 AR = 
PS 
78.83 
‘eft ot 
32.53 
ort 
| 


12 Feet 


etdo 
ad? | 


8 


Jedd 


f that from @ Tank 


geo 
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Tem 
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ON EVAPORATION ON RECLAMATION PROJECTS 


inches. 


Tanks FLOATING In LAKE AT WASHINGTON Park; WaTER LEVEL IN Tank Kepr as NEAR as 


Ape, Nov. 6, 1818 and 
thi 0 periods, ranging 
from 8 ays s to 1 week, 
; wt = in diameter; 0.83 ft. 
ly 31-Sept. 17. 1917... 


aft “diameter; 1 ft. deep. May 10-10, 
4 ft. in diameter; 1 ft. deep. July 31-Sept. 17, 1917. 
6 ft. in diameter; 1 ft. deep.|May 10-19, June 1-4. e 
| ~12, Aug. 14-27, 1917... 
round anks.— ‘Only square 3 and 15, were 
4 used for these olbdrvations ‘ On | a percentage basis, with the cylindrical Tank 


‘No. 7 as 100%, results: are shown as Curve B (Fi ig. 9). The general s slope 
of the line for the two 10 sizes—2. 0 and 3.0 ft. square—is_ abr ut the same as for 


the cylindrical ground tanks. — With equal exposed areas the evaporation eas 


slightly greater from the square surface. Its of perimeter to area is 


é 
greater and there is a greater wetted area of ‘metal. It follows, therefore, that P2 oe. 


nm is taking place | from a | ‘slightly greater surface when a tank weld 


k 12 Feet ra 


5 Feet (No.7 


an 


— FROM EVAPORATION 
MEASUREMENTS AT | 
DENVER LABORATORY, 
4915-1917 
he Figures refer to tank 


- 


from this Tank 


taken as 100% 


 Evaporati 


13 Curve) Cylindrical F Pans, 1/Ft, Deep, in. 
Diameters 10 in to 6 Ft. 

“80 90 4100 110 


Area of Water Surface, Square 


For Tank | o¢ that a 
— 
— 
— 
Weather Bureau Standard Type Or ClassA Station =| = 
2 140} - - — 
| 
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by 8 ft.) and No. 4 (circular, 3.39 ft. in diameter) on Tank No. 
128. 120.2 = 1.047. ‘There is no cylindrical tank of tne surface ares 
“foal No. 15, but Curve B Be go shows that the — would be a 


from a small ground» tank with square exposed area Was 
at slightly less than 5% greater ‘than that from a ground tank with a circule 
exposed area of the same size, both tanks being 3.0 ft. deep “and having 
settings and water depths of 2.75 ft. 


= Series” (¢c).— Ground Surface Pans. —This| compares the 
= i ey Weather Bareau type for Class A stations (No. 8) with others of the sam 
design, be but t with diameters. Curve C (Fig. 9) shows vs graphically | the 
evaporations, Taking “Tank No. 8 as 100%, the ratios are as given in 


af saa Curve C (Fig. 9) rn about the same form as that for the ground asl 


Series (D) .—Ground Tanks.—Series (D) can be split into two sub-series, 


hey comprising Tanks Nos. § 5, 16, and 17, with tanks, 6 ft. in diameter, and the 
oa _ other with 2- ft. ta al tanks. From Table 15 it is seen that the ratios, based a 
Tank No. 7 as 100%, are as in Table 17. 


a TABLE 16.—Comparison oF FROM Gr ROUND SurFAcE | Pas 


4 


: ‘The results given in Table 17 do not indicate any material variation in 
"evaporation amounts. _ One questionable point arises f from the for 


- Tanks Nos. 5 and 2. In each case e the tank was used for a a longer period than 


- tion, It is believed that under conditions similar to those at the Deave 
: Laboratory slight differences in evaporation would be recorded over long 
periods of of observation if tanks of different depths are used. However, it ® 


ems. to be extended to lake or reservoir computations. 
Series (E). —Floating Pans. —Storms "interrupted the observations on 
oe several floating pans; the results possibly are not trustworthy. and, therefore, 
have been omitted. ‘There i is some doubt about the results from Tank No. 
pan, 6.0 ft. in diameter. Tt was as operated successfully for only a short tim time. 
One pan of the U. S. type was operated for ‘two seasons} 
the others, for part of the Curve E esents the 


oo probably n not advisable to install a any less than 2.0 ft. deep, if the results are | 
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SLEIGHT ON EVAPORATION ON RECLAMATION : 
_. Although there was no exactly corresponding size, the evaporation from the ie | 
floating square pan appears from the curve to be about 5% greater than that — -! ae, b 
from a eylindrical one of the same exposed area. is based on a size 


of 9 sq. ft. and is practically, the same as the relation found between evapora- 
‘tion from ground tanks with square and circular water surfaces. It will be 
- noted that Curve FZ (Fig. 9), follows the same general form as Curve A, with af. 
possible tendency to flatten out more quickly as the area. 


TABLE 17.—Comparison or Evaporation From Lanp Pans 


No. Diameter, in feet. Depth of setting ond 


water depth, in feet. | Percentage of that 


‘The ratios of ‘evaporation from tanks at the laboratory divided 


water 


re 


i f 
n square ee 


= 


8.0 by 3.0 ft. square......... 9.0 ........125.9 +1195 = 1.119 


4 Tn the case of the cylindrical tanks, the ratio decreases as the area ae 


“This me must necessarily be so; the condition of a large open water area is a ont Cy 
he 


to convenience and reliability of observations, a large floating pan ‘for 


practical use is not believed advisable. The 6.0-ft. size as used was not satis- 


factory. The use of the honeycomb arrangement described i in the paper would * 
perhaps have eliminated part of the trouble. The U. S. Geological Survey if ee 
standard was found to be more satisfactory than any other tested. toll 4 
Comparison of All Observations on a Common Basis. —For comparative 
- purposes, Table 18, showing the results previously discussed, except the depth ae 


ee Discussions of evaporation | may be found in handbooks, i n texts on hydra 


; Ties, and in technical papers. Some present formulas, bikers give tables of 


by districts o or localities. Not all of them describe the’ method 
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ta for 
d than 
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enve: 
long 
ith — 
“= 
refore, 
the One glance at Table 18 show 


of all. make use of any figures 
evaporation. ‘There is a great chance of being led astray, 
aS Se. The few floating pans used show a variation in depth of water evaporated 
es — “nearly 35%, depending on the size. Similarly, the tanks on land shoes 
a eis a 60% range. Then come the other differences that apparently depend on’ the 
E Ree: -— ghape and type of tank. It is true that the ratios to be used for the extension 
pie 2 of any tank measurements to a large open water surface are still to some 


2 extent doubtful ; on the other hand, if the bases - for the tank figures are not 


et. fully understood with all their attendant conditions a guess may as well be < 


‘TABLE 18. —Ev IN PERCENTAGE or THaT FROM Grounp | Tank Not 


Be. 


Exposed | water about 3 ft. deep; Ground surface | te pan, 8 ft. deep; 
ss  gurface area, | 0.75 ft. deep 2.75 ft. water — Bureau type. \U Geological, 2.75 ft. water 

in andatsame depth; 2.75ft. “io in. deep. type. | depth; 2.78 


The writer fully agrees with Mr. Houk regarding” the of cr 


5 


sidering meteorological conditions. At the Denver Laboratory were kept 
ords of air and water temperatures, relative | humidity, wind movement ani 
4 direction, and, of course, precipitation. In addition to the. maximum and 
: minimum and two other daily temperature readings b ‘standard thermometes > 
aily t pe gs by 


two. daily. observations of relative humidity by and dry y bulbs 


continuous records were made by graphically recording thermometers ai 
= hygrometers . A graphic reec recorder was attached to one of the anemometers and 

eo a Hoff evaporimeter to one ne of the evaporation tanks. U. S. Weather Bureat 


Fs ok “dog The results of the first year’s meteorological observations, with other details 
; have been published.* Records on the second year’s observations made at i % 
Denver Laboratory are on file at the office of the U. S. Bureau of Public Roads RB 


‘Berkeley, Calif. summary of the first year's observations is given 


eet elle only one case can ratios obtained at the Denver Laboratory be e direetly 


compared with those presented by Mr. Houk, that of the U. S. Weather 
a Journal of Research, Vol. No. 5, July 30,1917, 
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an yn for Class A stations and the 3 ft. square ground tank. The depth yee ie 
ft. square tank « at Denver was 3 ft., while the one at Jackson Lake was 14 in. in. ane " 
"However, Denver observations indicated that the depths of ground tanks prob- o a 
had little effect on evaporation except when the tanks | were shallow. oan 


Week ended: iw “in degrees | relative | movement, (from Tank No. 


humidity. _ in miles. 7, in inches, 


40.6 <a 
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— from the 3 ft. square ground tank was 88% nas from the U. 8 
* - Weather Bureau Class A ground-surface pan, pan, while the Jackson Lake ratio is” 


per cent. or the summer periods the Denver figures are as in 
7 


= SLEIGHT ON EVAPORATION ON RECLAMATION PROJECTS 318” 
rate 
the — 
nsion _ 
not — 
yen, — 
= 
sured | 
— 


on BVAPORATION ow RECLAMATION PROTECTS 
> 


tg = ackson Lake was set on the ground, the one at J Denver | ona wooden foundy| 
tion as specified by the U. S. Weather Bureau ; the 1 square tank at Jackson 

F take was set in the ground (depth of setting not given) with earth bane | 
a - around the sides to the water level, _ while the one at Denver was ‘set in th 

_ ground to the water level. It seems, however, that these circumstances woul 

tend to make a greater difference between the | evaporation depths ‘Tecorded t 

Denver than between those at Jackson Lake. 
eo: results of the comparison emphasize the necessity for complete deserip 

i ons of all methods and equipment in connection with records of evapor tin 

pe rinsing They further indicate the : value of meteorological data. Th 

‘temperature at Jackson Lake during the three months of in 
Be: Ry te which the c comparative records were made was 53° °; during the 5- month. sum: 
a aS. mer period at Denver, it was 64° in 1916 and 63° in 1917. The relative 
iil a . humidity w was 59% in 1916 and 65% i in 1917, as determined by the hygrometer 


eas 3 The total wind movement for - Ts in 1916 was 14 600 miles as compare 


TABLE 20. —SuMMER Eva APORATION, ‘Dexven, Coto., Laporatory, 


| 


May 9- th, 1917... 
ia This one comparison of the Denver and Jackson Lake results raises the 
question whether the U. S. Weather Bureau pan for Class A stations is i 
index for attempting an estimate of evaporation from large open wale | 
— surfaces. Iti is easily installed, easily maintained, and the extent of its m™ 
is probably greater than that of any other. as The ground tank more neatly 
approximates the reservoir. The temperature changes of the w water in the 
ae _ ground surface pan follow air temperature changes more closely than thow | 


"water in 1 the Class A: pan at Denver show a day temperature gr greste 

= than, a minimum night temperature lower than, , and an average temperatar 
lower ‘than, ‘was recorded for the water of an "any ground tank. The high 
ee temperature at the time of low relative humidity probably caused the rapid 
evaporation. Itistob to be expected that i in districts where cool nights : and rathe 
a “high n midday air temperatures prevail i in summer the ratio between ‘depths o 
a evaporation from a ground tank or a reservoir and from the Class A pan wil 
not be the sam are 


at ‘At the end « of one ne season of ite use the writer 
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SLEIGHT on EVAPORATION ON RECLAMATION 


these records can be ‘used to ‘the best 
oft 


+o 
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_ FROM LARGE OPEN WATER SURFACES | ’ 
BY THE USE OF THE ORDINARILY 


400 


x, 

© 

>500 

= 

3 


~ 


io Fora number of years the writer’s Fig. 10 has been locked ; away awaiting 
the accumulation of data by which its value may be proven. It i is Presented as 
_& Means by which evaporation from large open water surfaces may be esti- 
= from U. S. Weather Bureau meteorological data. It is based egy 


= 
e 


on the I Denver research work, and meteorological conditions of the Denver 
region and involves the writer’s conclusions regarding the extension of evapora-_ 
tion tank observations to large open water surfaces. It t comprehends the main ‘ig 
variables or influencing factors except barometric pressure. At an elevation bs 
lower than that of Denver, which is approximately 1 mile, under the same 
conditions as to wind movement, temperature, an d relative humidity, the 


emaporation is Tess n, and at it is than, at 


¢ 
pane pre l1eves thate 
ground tank Witt Square UF less wan 3 
acken the water level about even with the ground level, 
rhs y records from Class A stations. It is hoped a ae: 
ded 
~ 
q a 45 4 
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6 PERRY. ON EVAPORATION ON RECLAM ATION PRO: 
As near as the writer can determine from the meager data avila (8 


elements for Fig. 10 are to be found as follows: | a) Air ‘temperatun q 
—from maximum and minimum, preferably two “observations daily; @ 
-humidity—preferably from hygrograph ‘records, approximated by th 
usual two observations per day; and (3) wind movement—from an anemomele 
2 ft. above the water surface. For higher elevations, ft. above the watera 
Re ground surface (up to 50 ft. ), divide the wind movement by (0.033 7 es 
to get the movem movement at the 2-ft. eleva tion. 
ae oe In using Fig. 10, enter the diagram with dim air temperature; at the inte Ap 
section of the horizontal temperature line with the relative humidity eum, 
drop vertically to the horizontal wind-movement line and read the « evaporation 
10 and the data as to the evaporations various lengths should be 
checked further before applying them to the solution of a specific problem 
The diagram i is presented as a beginning of an an analysis ¥ which the writer desis: Be 
a to develop further, and he earnestly hopes that the paper of Mr. Houk wi us 
bring out data of a character suitable for this — 
Perry,” M. Am. Soo. CO. E. (by letter —This paper, which h prea 
3 , be a much data i in conden nsed form, , should b be of considerable \ value to the profess 
a 1 7 a for this information is not r readily obtained except from the files of the U. 
Reclamation ‘Bureau. a. Although f frequently discussed, reliable and accurat 
data on the subject of evaporation, rainfall, wind velocity, temperature, al 
gq a humidity, are difficult to obtain any given | — 


General ¢ Office. The temperatures on file at the office of the U. 8. 

Bureau cover a period of 17 years. The evaporation been observed 
= Christiansted from 1919 to 1923. For this purpose, a land pan was construct 
4 ‘We oe and placed in operation in ‘April, 1919; with the exception of June and ) 
toe - the records are continuous. No wind velocity or humidity records 
Christiansted v were available, The nearest available wind-velocity recordsit are 

for x St. J ohn, . Antigua, and Basseterre, St. Kitts. At St. John, the aren A 


— 
— 
= 
| 
= 
—— ristiansted, Virgin Islands. Rai has been observed s a1 ¢ 
irgin Rainfall has been observed at Christiansitt 
— 


tails. San J uan, ‘Porto Rico, observations over a long period a average 


miles per hour, which i is probably higher than at 


; 
TABLE 
Station: Christiansted. 
State : = Virgin Islands. — 
Project: Ground. Water Supply: 
Exposure: Grou 
Reco recip tation ce 
sss Wind velocity (see text) since 1909. 
Maintained by: U.S. Navy Department. 
_ Evaporation, ig Wind velocit 


4 inches. (see text), in miles | i 


we 


y 
“4 ‘ul 


4, 


79. 
purpose of comparison the writer has used these data to construct 
"Tables 21 and 22, and Fig. 11 to correspond with Tables 1 and 2 and Fig. 4 
TABLE 22.— in ANNUAL EVAPORATION AT CurisTIANSTED, 


reentage of mean 
precipitation, in inches. . 


various observers suggested ‘methods of 
based o on own observations, taking into “aecount 


nents, ‘such as thos 


q 
a 
7@ 
meer 
2 
oblem. 
desire 
— 
— 
resents 
| | 
ak 
re, —— 
orks 
by — 
aah — 
— 
e, 


PARSHALL ON EVAPORATION ‘ox PROJECTS 


ber 


“LE 


Mean monthly 


Wind Velocity 


on 


coe 
Monthly 
Temperature in 
Degrees Fahrenheit 


Jan, Feb. Mar, Apr. May June July Aug. Sept. Nov. 
11. APORATION DATA FOR VirciIn IsLanns 


author, being made public at frequent it is possible rey 
a some method of estimating more accurately the probable evaporation ata 


am 


L. Parswati,* Assoc. M. Au. Soo. C. E. (by letter) —The phe 


nomenon of cyporation has engaged the attention of scientific 
fora a long time. Because of the relatively small quantity of w water, ad mes 


* ured ‘by depth, evaporated from an open water surface within a reasonably 
short time, problem of accurately: measuring the loss has 
changed to ‘such an extent that correlation may 


writer has given or less attention to a study of evaporation from 
water surfaces. in endeavoring t to promote a greater degree of a -accursey 


. . 
in ‘measuring the depth loss and at the | same time decreasing the yee 


pres: data... The most accurate method of determining the loss i is by 
‘ing, but when ‘the total weight of the mass of water involved is 
the errors in weighing become as to ‘render the rela re 
An optical evaporimeter (Fi ig. 12) was perfected to accurately 


the decrease in 1 depth. of the water surface, and at the same time L1 show a 
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ARSHALL ON EVAPORATION ON RECLAMATION 


rable loss within a relatively short period. This apparatus includes 
in. long 2 in. in 1 diameter. Reaching from the 


a the top of the he pivot bar, at its middle point, is a small high- gies me 
| wes mirror. r. At a distance of about 20 ft. from the mirror a high-pow- 

telescope, with cross- “hairs, is mounted on a concrete pedestal at a ‘con: 
venient height ‘and focused’ on the image of a scale i in the ‘mirror. "This scale 
i placed approximately 50 ft. from and about 20 ft. higher than the mirror. < 
is 6 ft. long and to 0. 1 in. adjusting the 


r vahie of a division in difference in’ ‘elevation of water surface was 
- determined. In all observations the scale was read by estimation to one-tenth = 


~— Calibration on this basis ‘Shows variations of from 3 to 5% from the mean ul ay 
constant. Different lengths of arms ‘(floa Pivot bar) used, giving 
constants, for the evaporimeter ranging from 0.000016 uA 0.000060, that is, 


in. on the scale in., or 0.000060-i -in. . difference 


2) was mounted as take air ata point 1 in. _ above the water surface i in 3 
- the evaporation 1 pan. This instrument consisted of a thin-walled glass tube ae 
shout Wi in. in diameter and. in. long. Two thermometers with 14- “in. stems, 


The wet and dry bulb readings, taken through the wall of the glass tube, were os 
recorded when the minimum temperature of the wet bulb occurred. Wodt 

‘The air and water temperatures were taken using thermometers identical at 

with those mounted in the -_psychrometer. ‘The temperature of the air was 


= Aer ek, past the thermometers with a pressure of about 1 in. of water. | 


ed at a point 1 in. above the water surface, and the temperature of the ‘ 
7 water surface at a point directly below the bulb of the air thermometer, 5 had 
ie In taking the evaporation records a definite order was followed: First 
the air and water temperatures were tahidies second, the psychrometer readings ; a 
third, the barometric pressure ; ; and, fourth, the optical evaporimeter reading, — . 
Which included the time to 0.1 min. _ An hour later the optical evaporimeter 
again read and the time noted, the other readings were -Tepeated i 


the Romine. order. ‘The mean values of water and vapor pressures, temper- 


— — 
 measu 
> _ bar. On the under side of this bar are two delicate pivot bearings supported = 
: 
— 
— 
| 
- 
phe- 
tors | 
ably eovered the bulb of one of these thermometers and was situated so that the _ ae 
@me | bulb was immediately beneath a small aperture in the glass tube. A small — ee, 
may 
— 
— 
erval 
ourly 
eigh- 
iii 
rately 


= 


“the initial ‘and final reading of “The — adi 
as well as the time, was taken subsequent to the temperature and psy chromeli 
= as the initial ‘observations for the beginning of the next test, The 
double reading of the evaporimeter scale, with the time interval necessary 
observe: the other data, gave a reliable check on deale ‘readings well ‘as as: 
dence as to the action of the float. elbbins ‘ati te oll 
re complete sets of apparatus were maintained, one within the labor 
atory (Fig. 12) and the other outside under fully exposed ¢ conditions . (Fig. 1) 
x5 tg Within the laboratory the observations were taken for still air conditions 
a and by means of a special air uct (Figs. 14 and 15), the e effect . of wind, mn 
the rate of evaporation was: observed . The. study under wind conditions ¢ 00 
velocities ranging from about 1.5 to 12 miles per hour. 
Fig. 16 5 shows a series observations te 


: Toss, under. still air, is the maximum rate the early how 


of the ‘morning. to be noted that the rate of evaporation bears a. a singu 


i relation to the temperatures of the air and water. “During the morning gine 
“early afternoon of September 15 the temperatures are ri rising while the rate of 


evaporation shows a marked reduction. This is apparently true for, ‘the: fol- 


day. these temperatures rise their difference i increases, and ag they 


the ‘difference decreases. The relation, difference in vapor ‘pres re, OF 


= a vapor pressure of the water | surface minus the vapor pressure of the dew point, 


according to Dalton, shows a direct variation with the rate of 


ee ‘reciprocal of the relative humidity, R H, ; also varies d directly with the ey, 
_ Oration, but its variation is s through | a more limited range t > than the differeah 


decrease. It would 
- logical to suspect that an error in reading basiriea at this point, as a meat 
value would agree quite nicely with the general trend of the Joss during tht 
- interval. To account for this apparent e error in the e evaporimeter readliigy th 

original notes for the observed at 11:24 M., September 15, show a Seale 

- difference of 0.24 in. for a period of 61 min. To move this point down 


‘mean curve, the difference’ should have been about 0.20 in. This error of 
it in the scale reading amounts to 0.0001 in. in the elevation of the Wate 
for‘an interval of 61 min., or 0. 0024 in. for a) of 24 


ay 


later permit closer agreement with the observed rate of loss. The computa 
loss shown in n Fig. 16 is s bas ed on nm the formula tb 


15h (T, — T,) = temperature of air minus temperature of water, in degteat 


tea 


— = = vapor ressure at ‘surface minus vapor ressure Of 


stab 
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ag 12.—EVAPORATION EQUIPMENT FOR STILL AIR CONDITIONS, SHOWING ARRANGEMENT OF 


PSYCHROMBTER, OpTIcAL EVAPORIMETER, AND AIR AND WATER T ME’ 
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RAISED TO PERMIT MAKING OF TEMPERATURE OBSERVATIONS. 
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PARSHALL ON EVAPORATION ON ‘RECLAMATION ‘PROJECTS a5 


oe with the nual trend as observed within the laboratory. 
period 6:00 p. m., October 12, to 6:00 a. m., October 13, the wind, as recorded — 
_ by a standard Robinson anemometer set near the evaporation pan, indicated — 


& 8 


f Air 


nus Temperature o 


we 


nd of Water (T,) 
Degrees Fahrenhei 


hr. In 


Temp. Alr mi 
Temp. Wat 
in Degrees Fa 
| 


8 
ure 


Eda) 


4.2 


8 100 12 2 4 8 10 12, 61224 «6 


zat 


y. During this period the temperatures of air were 


of loss is directly rar to the difference i in vapor pressures. 
ing the day of ( of October 13, there was considerable wind ; also for this period a 


rate of | evaporation was § greatly increased. About 10:00 a. ut. the rate eof 


ws rising difference in vapor pressure. As w would be expected, the maxi- 


‘mum rate of evaporation occurred at the time of maximum temperatures. 2 
‘The formula applied to compute the e evaporation Joss i in this case differs some- 


bes 


‘wind decreased but the rate of evaporation still increased, following the con- _ 


| 

4 
— 
bow velocit a 
— 
— 
— 
— 
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= = = vapor pressure at water surface minus ‘vapor 


ex bast dew point, in inches of mercury. uM 
applying this formula, with the wind factor considered, t to an extended 


series of evaporation records of mean monthly ‘values ‘agreement is 


Ariz, as mentioned by the author, it is believed that this difference 
a be explained in part by the fact that o one station is situated on a desert oof 
ese while the other is located i in an irrigated alfalfa field. Because of these Lom 
ae different exposures, it is thought that the vapor p pressures are entirely ‘different, _ 
i and, further, that the difference in temperatures of water and air at the two 2 ms 
stations may be considerable. The fact that the wind for the ‘Citrus 
Midnight Oct. 13, 1922 Noon Oct 4, 1922 Noon 3 st 
greater than at the Evaporation Station woul id a also cause a greater loss Bye 
ee a the former place. rol lower temperature at the pan located in the alfalfa field : ak 
would be expected because the transpiration effect of th the green 
modifies ‘the air temperatures. prove we ai inet 
§. T. Harpive,* M. Am. Soo. ©. E. (by letter) —Much 
regarding the coefficients to be applied to the observations of evaporation Tom 
R 


* Prof. of Irrig., of Berkeley, Calif. 


— 
— |. 
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paper in indicate | that other factors besides the size and condition of exposure ee a 
of the pan are involved. There is need for careful investigations of these 
‘matters. To meet such need it is essential that any investigations be care- 
~ fully planned and earried out and that they extend over a sufficiently long q 
period to furnish a more cor complete checking of results than is possible with as 
- qyailable data. Many of the present data have been secured for the particular = 
needs of individual projects and the experiments are planned for that pur . 
pose. More extended study of the principles involved, based on observations 
oft the effect of variations in the different individual factors, is needed. — ae a 
Opportunities to observe. evaporation from large water surfaces directly are 


- seldom found. Unknown elements, such as seepage into or out of a =< 


_ may be a material proportion of the } evaporation | Joss and sometimes exceed 
such losses. Surface inflow may occur at scattered ‘points and be difficult of 
"measurement. It is not usual to have periods without inflow or or outflow of 
length to enable the e evaporation alone to be observed. 
— are certain types of lakes in California in which opportunity is 
- afforded to observe evaporation directly. These are the basins receiving the 
- garplus flow of streams in which (1) the inflow is limited to a part of the * 
year; (2) the outflow, if any, may be measured ; and (3) soil sina ground-water a 
’ s are such that ‘seepage inflow and outflow into the lake do not 
yy - occur. Among such lakes are Tulare Lake, Buena Vista Lake, and Lake Elsi- 
& Tulare Lake. —Gauge height records on Tulare Lake were begun in 1906 
_by the U. 8. Geological Survey. Pumping from the lake began in 1916. Dur- 
"ing the intervening period the fluctuations of the lake at times of — ~«! 
4 _ Tulare Lake is a shallow depression having an area at maximum stages” 
of about 200000 acres. It receives the surplus flow of the Kern, Tule, and > 
_ Kaweah Rivers and part of the surplus flow of Kings River. The lake bed 
consists of fi fine, impervious 1 material. In small surface inflow the 


The records of fluctuation at ‘periods when the flow in the contributing 
‘Streams was too small to result in inflow to the lake, from 1906 to 1916, have < 4 
been assembled, together with the mean monthly evaporation, in Table | | 

oS The nearest station for which climatic records are available is Hanford, et Me 
tout | 20 miles northeast ‘of ‘the lake, The rainfall at Hanford is probably 
; ‘somewhat higher than the average rainfall on the lake area. The temperatures he 


to be above the bed. There i is no indiation of by the clay 


Buena Vista Lake. ‘Vista Lake is a broad shallow asin which 


tanks in order to deduce ing om large wat Th 
is 
4 
a 
= 
— 
Bis 
are 
i or 
= * See, also, Bulletin 9, California State Dept. of Eng entities “Wate Resources of Kern i> 4 a 
River and Adjacent Streams and Their Utilizationgs 


ay observations in 1920 of the fluctuation of the lake at times of no inflow and of 


limited outflow have been secured (Table 24).* 


TABLE 23. APORATION DaTA FOR TULARE LakE 


Mean precipitation | Mean temperature 

at Hanford. Calif., | Hanford. Calif. 


January. 


te 1.51 ide. 
0.09 


ot The lake was only a few feet in depth during these snaestine. a Ground water 
conditions are similar to those in Tulare Lake. 
Elsinore—Lake Elsinore receives the surplus run-off of the San 
Jd acinto River. In periods of excessive run-off the lake may overflow; its out { 
oF let channel is tributary 1 to the ‘Santa . Ana River. The area westerly from 
_ the lake rises steeply, the valley being narrow on that side. The remeinialt 


ik of the surrounding area is flat with some low hills. The lake has gone — 


in periods of deficient rainfall. “to 


TABLE 24. —Evaroration yroM Buena Vista Laxe.* 4 


Month: lake durin month, due to outflow, in due to eva ration, 


‘ 


* No rainfall durin riod. 


lake” bed appears to b be e impervious. ‘It is stated no inflow ‘from 


adjacent ground: -water was apparent. when the lake was dry. There i is no indie 
cation of from the lake, adjacent _wells with water below. lake 


a level showing no indication of mixture with the s alty water of the lake. The 


es ie lake has been at relatively high stages since 1916. It has an area of aoe 
6 000 acres and a depth of about 40 ‘ft. at the present overflow ene There is” 


use for the lake water | due its high salt content. 
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December, 1915, records of elevation have been secured by the U. 8. 
a Survey. mY These records to September, 1922, were used by the writer g 
in @ report c on the San Jacinto River Hydrographic Investigation made for 
the of Water Rights, California State Department of Public Works 
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and outlow was also available. These occurred only during a part of the period 


¥ 


covered. Data on rainfall at Elsinore wed 
inflow, outflow, rainfall, and fluctuations were used, with the 


Ene and capacity curves of the lake, to e estimate the evaporation by months Poe 


(Table 25). These are considered to in to include all elements of ‘supply and a 
The records for different months were g generally consistent; in some cases 


a “Observations with Pans. —Observations of evaporation were made under the a os 


3 at the time of reading, gave inconsistent results between months. 
7 

-writer’s in 1920 on Buena Vista Lake, a natural depression now used 


TABLE 25.—Esrimarep Evaporation Lake ELsrnore. 


Month, 


Mean evapora- | Mean 


ture, in degrees 
ton, in inches, tation, in inches. | “Fahrenheit 


‘March... 372 6h | 
July 
oe 


In 1920, Buena Vista Lake -peceived little inflow and remained at t depths 

of only a few feet. t. Its area was about 10000 acres. they: 
Both a floating and land pan were installed. These were of the type perused 

by the U. S. Geological Survey, 3 ft. square and 2 ft. deep. The land pan was 4 

_ placed about 300 ft. from the edge of the lake, and the floating pan from 100 he <s 


to 600 ft. from the shore, being moved with the fluctuations of the lake. Owirig =e a 


q to the flat slopes of the lake bed the floating pan was at times set in an exca- — a 


- vated area in order that it should be submerged to less than 6 in. from the bo ae 
2 top. The shallowness of the surrounding water may have introduced temper- re 4“ 
stare factors not applicable i in deeper areas. 


b 
a ‘The ‘usual form of raft was placed around the floating pan to prevent wave — it phe: 
action. - Some washing into the pan occurred i in June and J uly; corrections or i= 
Were made by. comparison with the land pan. An unexpected | source of error q 

a occurred i in February and March due to the use of the ; pan for bathing purposes — ni 


For detail results, see Bulletin 9, California Dept. ad 
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‘ 


= These that for the particular | conditions the 


B.S from the floating pan exceeded that from the land pan and that the ratio varied — 
during the. season. observations probably present an illustration of 


‘may affect the results rather than a basis for 


TABLE 26.—Evaporation rrom Pans, Buena Vista Lake 


in in 


1188") 


March 


a4 


4 11.72 


z2e 3 


— 


‘. ss Errors in floating-pan record; figures given are estimated. — 


‘The direct monies of the k lowering of the lake from J uly to November q 
give the for the land pans shown in Table 27. 


97. —COorFFICIENTS To Be TO Pans 


November 


‘ 
These coeflicients may by local The variations in 
the coefficients for different months, however, illustrate 


oe 


> 


author has per 
a valuable service the in collecting and comp piling te 


numerous s records of evaporation presen ed in his paper. These records cover 


a wide geographic range, and represent varied conditions of exposure and 
orology - The data have been assembled in convenient form for referent 
ar sets will advance the present deficient knowledge of this subject. | ee 


Cons... Hyde. Bngr.,. San. Francisco; 


— 
S prevented by placing chicken-w Be 
Of this wa 
by pelicans. A repe 
é 
— 

— its 
4 

in 
is 
loating pan. =| Land pas at 
> LE: 
— vit 
4a 

— 

— 
— 8 
— 
a 
— 

— 


4 ‘LEE ON EVAPORATION ON RECLAMATION PROJECT af 
paper oes not call for detailed comment. Before entering on gen- 
eral discussion, however, the writer desires to point out t that apparently there an 


no ‘statement Tegarding precipitation, and d particularly as to whether in in 
all cases the: reported depths of evaporation are gross or ‘net. For comparative 


_ purposes it is desirable that the evaporation from rainfall caught by the Pan - 
be included in the monthly totals as well as that from water added by Coan 


af A precipitation rd ‘is s essential in connection with evapo 


vations if the record is to have any but local use. _ The 1 next most important 


iliary record is the temperature of the water ‘surface. . This can easily be 
obtained by means of a maximum and: minimum recording thermometer float- 
on a small ‘wooden raft, with the bulb just submerged. Although not 
- definitely stated in the paper, it is assumed that the temperatures reported — 


are for the air and not for the water surface. It is believed 1 that if a com- zi 
parative ‘record of water surface temperatures at the two Yuma ‘stations were 
available, it would be found that the record at the Yuma Evaporation Station 
ould be much less than that at the Yuma Citrus Station, and wou alg 3 
show a third important factor not referred to by the author. Temperatures ead 


low levels i in an alfalfa field are usually considerably less than on the 


4 


complete meteorological record should also include air 
ind movement, and relative humidity, as stated by the author. __ 
Controlling Factors.—The process of evaporation consists essentially o the 
gradual “bombardment” into the adjacent atmosphere of the rapidly m moving 
molecules which compose a liquid. | The effect of various Snateay on this process a 
may. be illustrated as follows: If the temperature of the liquid at and near 
"its surface is ‘inereased, the. rate “of molecular vibration is corresponding} 
4 inereased, and more molecules break from the liquid. surface in a given time; , 
‘if the degree of saturation of ‘the | atmosphere immediately adjacent to. the ' 
— surface is decreased, either by a lowered relative humidity of the surrounding at. 


or by an increased rate of wind ‘movement, the vapor pressure 


Ee the surface is diminished and it becomes easier for molecules to break | cz *y 
from the surface, and | herfce more of t them leave in a given time (variations — a ‘a 
in atmospheric pressure re have a similar ar result) ; finally, if the liquid i is s heavily wits “4 
’ charged with mineral substances i in solution the motion of the liquid molecules © 
i retarded and fewer escape ina given time, If the specific gravity of t the ee | 
liquid advances to such a point that ‘crystallization. occurs and a film or crust 
forms over the surface, a marked decrease in the rate of loss occurs. 
brief, the important factors controlling evaporation are the relative 
daieeretures of the liquid surface and of the adjacent atmosphere, he vapor eras 
and barometric pressure immediately al above the he liquid s surface, and the the specific died 
gravity of ‘the liquid. For ordinary conditions, temperature and vapor pres- 


are the most ‘important factors, although in the specific 
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= es ch as form on snow and ice, or from moist soil or crystal surfaces, involve pane, Pag 
@ changed conditions with re and | i 
and continued existence of = 


body ‘and hence introduce “modifications in the rate. Otherwiayy 
es "process corresponds with that of evaporation from a free water ‘surface. 


Evaporation Water Surface—The author presents data in ‘Table 


—* 8 giving the range in annual and ‘monthly evaporation at selected sta 
tions. For those who are interested, similar variations for 3- day ‘periods 


nearly 23 years near Independence, Calif., been published.* The 
are assembled i in diagrammatic form (Plate X), the maaimum and 
um daily air temperature, relative hu umidity at 5: 200 and 5 :00 My 


average dai wind movement being shown in “addition to evaporatiagy 


q 


= 
= 


4 


Owens River, California, 
a meteorological observations by the U.S. Weather Bureau, 4 miles distant 
; at Independence, Calif. The data show clearly the ‘predominating influence 


temperature ‘exercises on the evaporation ri rate ‘throughout the 
both and indirectly through its effect. on relative 


abnormal humidity conditions, but these represent only minor irrequlisll 


at 


4 The relation. between the changes in of the 
water surface and the rate of evaporation ‘his been carefully investigated by 
B. Sleight, Assoc. M. Am. Soc. E., at Denver, Colo.t other factors 


- being similar, he found that for each degree Fahrenheit within the natural 
“4h range of ' large we water bodies there occurred a change i in the rate of evaporation } 


. averaging 6 per r cent. This result agrees closely with the writer’s experience 
at Independence, and elsewhere. Ge 


"The effect of atmospheric pressure on "evaporation at any one station is 


probably negligible. At Denver, My. Sleight could not detect any variation 2 
in evaporation for a ‘Tange ¢ of 1 in. on the barometer. The maximum de 
a 3 vation at which reservoirs are constructed ‘seldom exceeds 10000 ft. As the : 


ee normal barometric pressure at sea level i is 80 in. . and at an elevation of 1000 E 
21 in, the effect atmospheric pressure is is relatively small even when 


comparing evaporation rates from water at different altitudes. The observed 


a. differences of rates at different altitudes, it is believed, are due almost entirely ; 


The effect of specific gravity on hile “tite evaporation has received little 
oe attention from 1 investigators in the ) past as there has | been no general deni 


- for information. For the solution of problems arising in the  writer’s practice, 
pe _ he found it necessary, a number of years ago, to undertake an experimental — 
you study of the subject. The details and results of this study are presented here 
. with. | ‘The procedure adopted was as follows: Two samples of water, one die 


tilled and the other a brine with a specific gravity by 1. ll, taken from | Owens . 


under exactly similar conditions to specific gravity. 


4 sos were placed in circular, flat-bottomed pans, 44 in. deep and 12 in. @ 
* Water Supply Paper 294, U. S. Geological Survey, Plate X. 

“Evaporation from the Surfaces of Water and River-Bed Materials,” Journal of Agr- 
Research, Vol. a 1917, pp. 229-230. oft al 
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jameter, and filed to They left open at the top, 
n. of their depth in an electrically heated air bath, and placed — 

a room ‘free drafts. A constant temperature: was- maintained in the 

air bath by means of a thermostat. The successive depths of water;in- the Phas 

were calculated from the. observed weight and specific gravity of the 

~ samples and the known dimensions of the pans. The results of the test are Sees 


shown on Fig. 18. ; was found that the rate of evaporation from Owens 


pacific of 1.32 17, Fig. 18) pie with, 
jaereasing densities. : igor ta od. tay hae Tine, wah 
a As a practical pat gi on Fig. 18 there was available for the period, January 
./ 1908, to December 31, 1914, detailed data of the inflow in into > Owens Lake and 


the fluctuations of lake level. The lake basin has no surface outlet, and 


 § its bed is completely lined with clay deposits that preclude the existence of a 
subsurface outlet. The average area of the exposed water surface. during 
i - this p period was 58.178 acres and the specific gravity of the water, 1.11. . The ~ ee 
mn average annual depth of evaporation from the lake surface ‘during the T-year ae 

P| period of observation, : as determined from the hydrographic data, was 60.8 in. 

a adie, 4 for the three years, 1908 to 1911, as observed i in a floating sub- 

ey neTged pan, was 67 in. annually. * Reducing this by 10% as as indicated by Be 

’ E: ‘Fig. 18, there results 60.3 in. for the annual loss from Owens Lake as com- a 


with 60.8 in. as determined hydrographic da data. 


| " Temperature of two Liquids approximately 
Temperature of Air in Room, 54°—70° 


18 —ComPanison or EVAPORATION FROM OWENS LAKE BRINE AND i hod 

he eralized water. It should noted, however, that will: probably 
big at slightly differing specific gravities, depending on the chemical composition tan 4 
of the salts in solution. hag page Jo, a 
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to water supply problems i in involves a ‘knowledge of evap 
oration not only from free water surfaces, but also from capillary films agp 

rounding soil grains, crystals | of precipitated alkaline salts, ‘ice crystals, 
jee snow. In addition, there should be included the evaporation from 
an “Moist'e soil grains as modified by the transpiration losses from vegetation, the : 
4 face crusting due to the accumulation of salts precipitated fro m evaial 4 
4 ing soil moisture, and the presence of clay in a highly colloidal state resulting 


tk Lees is known of the ‘process: of evaporation from ‘capillary filme “than 


free water surfaces. For example, it is probable that the | 


effect of concentrated alkaline salt solutions on clayey soils is unknown, ex 
bya few soil physicists, and yet in the Great Basin region of Western Amer -retu 
as well as in similar inland basins throughout the world,” there are Tange 


areas of moist soils of this type to which some rate of evaporation must be 


applied by the hydrologist in estimating the ground- water supply. | Tn this 
~ = it will be i impossible to go into the details of these subjects. _ I 


is desired, however, to outline the problems in the hope that systematic inv 
tigation will be stimulated and ultimately lead to useful results. ot. 


TABLE 28 —Derru Evaporation From Owens Lakg, | 4 


-Basep on Measurep Inrtow anp Lake FivcruaTion. 


a8 


Area of lake surface, January 1, 1906. in acres 
Area of lake surface, December 81, 1914, in acres 
Water accumulated in lake, January L "1906, to December 31, 1914, in acre-feet. . 
‘pn , Inflow from all sources, except rainfall, January 1, 1906, to December 81, 1914, 
a in acre-feet 
gq <a Water lost by evaporation, January 1, 1906, to December 31, 1914, in acre-feet. 
area sur face, 1, 1008, hed December 81, 1914, 


8 


|| 

8s 


-¢ is controlled by the same factors as that from free water ‘surf 
a _ Evaporation may take place from moist grains either at the surface of 
granular body in contact with the atmosphere, or i in the une zone of the 
| a ae body if it is sufficiently open for a r atmospheric circulation. In the latter case 
it is termed interior evaporation. One complicating factor ‘the 
: ee If the source 2 of replenishment i is | precipitation, su surface flooding, or irrigation, 
a oe the film has no permanent and constant ‘source of supply, and passes a 


stages” of fatness and leanness and may even disappear enti 
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little variation, except as as the. water rises or fala, the e event 
es water- ‘table drops far enough below the surface to 0 exceed the a 
limit the upper portions of the film. might be withdrawn. into the a : 
far that evaporation measurable quantities would cease. A 


of Jeanness or complete desiccation of the film results in the diminution « or 
complete cessation of evaporation. ‘The availability of moisture controls 
directly the rate and total amount of evaporation from soil or crystal bodies is 


sab Until recent years observations of evaporation losses from moist soil have 


_ confined to conditions of widely varying evaporation opportunity, either 

“for the purpose of determining in humid regions the proportion of rainfall — 
_ Teturned to the atmosphere from a water-shed or, in arid regions, the atmos- ey 
4 ‘pheric losses from water applied in irrigation. ‘These’ observations are w well 


and need no discussion, as they constitute ‘special cases. The drainage 
and ground- water problems of Western errs during the past ten or fifteen 


years have led to observations of s soil evaporation areas of shallow 


ground: water where the ‘evaporation opportunity is fairly constant. It 
‘information of this kind which is especially valuable to the Engineering Pro- 


but not accessible. 


_ For moist river-bed materials, ranging from fine sand to fine gravel, a 
vegetation, the investigations of Mr. ‘Sleight at Denver | "give fairly com- 
plete and reliable data.* * He used -water-jacketed ta tanks, 2 ft. in 
ft. deep, permanent water- “tables at depths and deter- 


+ 


of zi 
For materials including sandy clay having a greatest 
- depth to water- table of. 5 ft. and supporting a growth of ‘salt ¢ grass, the writer’s : 
experiments in Owens Valley, California, may be noted. +. Tanks, 7.5 ft. in Hs 
diameter and 10 ft. deep, were used, set permanently in the ground, water 
: being introduced i in measured quantities into covered tanks feeding ir into the 


soil tanks at the bottom. _ These experiments were continued for two years. hy 
Both sets of experiments indicated that the rate of ouvapretion was greatest 
fora saturated soil surface and diminished as the wa 
ing: zero” when the water- table fell below the capillary limit. . They. 
cated the possibility of expressing soil evaporation as a percentage of that 
a free water surface, such percentage varying for | different materials, 
- and, for each material, for different depths to the water- table and different — 
seasons of the year. _ The writer’s conclusion » based on his experience in 
Owens Valley, modified by subsequent work in other localities and a compre- _ 
~ hensive analysis of the work of other ‘observers both in America and Europe, Ne 
is that the evaporation loss. fro a saturated moist sat sand or soil is less than 
from a free water surface. ratio for loam soil and fine sand has 


been found to vary from 0.83 to 0.97 by different investigators; in ordinary 


ae “Evaporation from the Surfaces of Water and River-Bed Materials,” Journal of Agr 2 
cultural Research, Vol. X, 1917, No. 5, pp. 242-259, 

+ Water Supply Paper 294, U. S. Geological Survey, C. H. Lee, 1912 (preliminary Re 
_ ; Soc. C. E., ‘Vol. LXXVIII (2818), Pp. 181-196 (final results). 
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(Table 29). Mr. Sleight’ 8 work thet 
_ the loss from saturated coarse sands and fine gravel was less than from fine 
and soil, ratio decreases for moisture content at the surface less 
= - than the optimum and becomes zero when the water-table drops to the capil- 
lary limit: The exact relation | between the evaporation from the soil and 
the depth to the water-table has ‘not been thoroughly determined, but the indi- 


cations are that it isadirect proportion. | 

sei Dhnets growth | of vegetation on the soil introduces a modifying factor of 

: ns “ greatest importance. Although it may reduce the direct soil loss by shading 
ete. it greatly multiplies the evaporating surface in foliage and often | in- 
“a _ereases the loss as compared. with that from bare soil. Transpiration depend 

Le er the plant species, light, soil moisture available to roots, soil | texture, min- 
a eralization: of soil ‘moisture, temperature, wind movement, ete. writer’ 
experience ‘and studies indicate ‘that for fresh-water ‘thrive 
; with a high water- table, « or in ream, the rate of loss during the active grow. 


~ 


season exceed the rate from a water surface, but that t when 


- in ~ considered for the complete annual cycle | the rate is less. For. ordinary uses, 
= therefore, the ratio of maximum loss by combined evaporation and transpirt 


tion lies between 0.90 and 1.00. For salt It grass in Owens Valle the write 


found it to be 0.95. 


_ There have been numerous 8 attempts to determine transpiration an evap 
ag Gouisals: -transpiration losses during the past seventy- five. years | both in Europe 


_ America. European forestry experiments have been extensive, ani 
ne. an . America the field of agriculture has been most active. Both in Europe and 


America the Engineering Profession has been vitally interested from te 
- standpoint of water supply, but | little fundamental work has been done. It 


YF to be hoped that the recent impetus that “Western irrigation and | ground: 
water problems have given to the subject will produce results of practical 
value. The present ‘interest: irrigation engineers in the determination 


— 


a of the so-called ‘ “consumptive use” of water in irrigation, is a most promising 
= field of ‘investigation, and with the existence of extensive areas of irrigated 
land, large-scale measurements covering projects and whole valleys are being 

a found to produce important t results. In the field of ground-water hydrology 

a this method of measurement is also coming into general use for determining 
Josses from both irrigated ‘and natural vegetation. Tw o large-scale deter- 


- minations of the latter made by the writer have | given n reulta as follows: 


Independence region of Owens Valley, California: 54 sq 


miles of natural meadow land and moist soil varying 
from luxuriant fresh-water swamp growth to salt-grass 
pasture and bare crusted alkali flats: 
_ Average annual evaporation from free water surface. .5 ft. 
Annual evaporation-transpiration (observed loss)... .2.26 it 
Luis Rey ‘Valley, San Diego County, California: 
6 640 acres ‘of moist bottom-land covered with willow 
ect bit groves, “meadow grass, etc., and with bare moist sand ti 
Ye Average annual evaporation from free water surface. .5.16 ft. 
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is any thorough atady of: the of 
- crusting resulting from precipitation of alkali salts, , but his experience leads ~ thee 


the belief that material reduction i in the : rate of evaporation ‘results j 
_ such crusting. It is a subject that needs investigation. Of a similar natu 4 2 
is the effect of an excessive amount of deflocculated colloids. ‘The writer. 


a has observed soil in desert playas so moist that a footprint i in the mud would / 
fi with brine within a few minutes, but from which little if any evaporation : 
was taking place, even under the great heat of summer. . There is practically 
data available for water losses from such materials. 
Bvaporation from Moist Crystal Deposits. —There are several saline and 
a alkaline deposits in the Southwest that are free from mud, the -erystal body 
being exposed directly to the atmosphere. Brine occupies the voids in the 
crystal, the upper surface of the brine during the s summer period being at 
. oe . depth of 1 in. to 1 ft., or more, below the st surface, and flooding the surface 7 
oh, in winter. The rate of evaporation from" the brine that is drawn up around 
the: surface c crystals by capillarity is a a matter about which little data ‘exi 
but one which is of sufficient importance in ground- water studies to need 
i e investigation. The writer has conducted some experimental work on this sub 
ject, but the ‘results, ‘beyond that the rate of is small, 
Evaporation from Ice and 8now—This is in hy- 
draulic studies in connection with the determination of stream run- -off. It 
is possible that loss takes place directly. from ice crystal. surfaces at low tem 
Peratures, although the greatest loss occurs when the temperature is sufi- 


> ciently high to permit of “melting. The source of water available for enp 


4 


oration is thus not drawn up » from below by capillarity, but is furnished 
ie directly by the crystal surface. Some experimental work has been done i in 
recent years, ‘particularly i in the water-shed of the Wasatch Mountains east 
ee :* ie of Salt Lake City, Utah, the results of which have been published by the 
U. 8. Weather Bureau.* Further study of this subject is needed 
Methods of Measurement. —aAlthough there is general re recognition of the” 
y 433 individual factors that control evaporation and the relative importance of 


Sys ; these factors is | becoming un understood, yet, judged by the diversity i in 1 methods 


Ries conditions, there is not full appresistion of the practical bearing of these 
cian” factors . Asa ren ult there has been a lack of standardization in methods for 


. 2 measurement, the absence of which has resulted i in much i inaccuracy and = 


S 


aun se is common experience to find p pans, ‘established for the purpose of det 
mining evaporation from @ reservoir surface, placed so that the temperature 
a a age _ of the water in them has n no relation to that of the surface of a large body r of 
in 3 water. Pans are sometimes completely surrounded by air; they are often 
pe placed on the ground; and, in some cases, t , they are set on a float anchored 


on the surface of a body of water. In these “unnatural” positions they are 


a 


Rise Die thy 


*“Some Field Experiments on from Snow F. 
‘Monthly Weather Review, July, 1917, p. 7 
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sed-on all s sides to the air and diveet: sunlight and are subject to abnormal és 
increase in temperature by the heat absorption 1 and radiation effects of the 
_. The most disconcerting feature of these “unnatural” exposures is that no e 
general relation can be established that will enable results to be converted . 
into usable data. For example, the depth of ; evaporation from water in a us ; 
- Iand pan set on the surface of the ground or on a platform may vary ry from 
10% less to 70% greater than that from an adjacent lake or reservoir sur- _ 
face, depending on the local combination of meteorological factors and the 
ppeaaantive character of the container and its 3 surroundings. ‘The writer 
has personally observed this range of variation in different localities by run- 


ning parallel series of observations using the Class A land pan adopted : ; 
te U. S. Weather Bureau and standard submerged floating pans. Thee con- 


the day and cool just as rapidly at ‘The large on the other 
ined, holds to a fairly constant temperature | day and night. Ina region of — 


warm nights the ‘temperature of the pan holds up at night and the average 
- for the day exceeds the average for the large body. In a region of cold nights 


reverse occurs. The latter condition is well illustrated by observations 


made under the w: writer’s supervision at. Lake Almanor, California, where the 
nights are characteristically cold (Fig. 19): _ On this diagram the pan desig- — oe 


Sutter was @ Class A Weather Bureau pan while 


= Al land pan it i is necessary to determine a correction factor, which a 
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Fie. 19.—Darty MAXIMUM AND MINIMUM TEMPERATURES OF SUTTER 
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nd pans, placed below the surface of the ground 2 or 3 ft, or still 
better, floating pans submerged in a large body of ‘water, approach mudh 
any 
type of pan. the siden: of which are exposed. Experience has shown that 
7 the temperature of water in submerged floating pans that are , made of light 
; ee colored metal and kept clean, does not ordinarily vary more than 1° or # 

| ‘Fehr, from that of the surrounding water. This is illustrated by Fig. 90 
a "presenting the results of maximum and minimum thermometer readings for 
‘Lake Almanor, at Prattville, Calif. Thermometers were fastened to floats 


* 


with the bulbs just submerged and the observations represented ‘surface tem 
In the matter of vapor pressure there is an even greater 
- natural conditions. Often, attention is not given to insuring the same degree 
free air movement. Pans are placed near the vertical faces or objects that 
a break the wind, or are closely surrounded by protecting fences. ~The writer 
ay has even observed land pans about which the grass has been permitted to 
grow, 80 as almost to air movement ACTOSS: the ‘water surface. 


Maximum 


MaxIMuM AND MINIMUM TEMPERATURES OF PRATTVILLE 


AND ADJACENT WATER SURFACE, LAKE ALMANOR, 


‘not given. ease with which the s 
water surface escapes into the atmosphere, is size of 
surface, A lake or as a whole, has n not as great an 


as a pan, as escape is practically 


to its area, as it varies directly wi with ‘the diameter, while the 
ss area varies as the square of the diameter. _ The vapor ‘dissipating horizon 

AD _ from a small il pan thus bears an appreciable ratio to the total, whereas from 
a sande of water it is practically negligible. The ratios of area and 


Another important lot sight of, is “al the ratio 


- rates of wind ee to the distance across a body of water. A wind 1 mor 
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e of 10 hour, for ‘example, would cross a ‘3 ft. pan in 
02 BEC, , whereas to ‘oem a lake 1 mile in diameter would require 6 min. eS 
‘These examples | are sufficient to show that marked differences in in the rate of oa 
evaporation may occur from water surfaces of different sizes. In so far as . 
the Vapor pressure is involved, submerged floating pan, if fully exposed 
i) the wind, w ould seem to give results most comparable to the large | body 
of water, as it is covered by the same vapor blanket and ‘therefore its size 
does | not introduce the element of horizontal vapor d dissipation. 
a The ‘specific gravity « of the : water is sometimes overlooked in Joey 
parisons of evaporation rates. _Well-placed pans are sometimes not 
q at regular intervals and the water concentrates until its density considerably 
exceeds that of fresh water. An error of considerable magnitude thus may 
introduced. similar error would result from the use of a correctly 
beerved evaporation rate from fresh w ; 


ater in . determining losses from min- 
ed bodies of water, such as Salton Sea, | or Great Salt Lake, and vice Sept 


ie 
of these example it iat believed, will fully bé out the writer 


ON EVAPORATION N ON RECLAMATION PROJECTS 


in choosing methods. Another cause is the absence of 
full auxiliary information or descri tion of the equipment. 50% of the 

records reported by ‘the author, for example, the of the exposure 


: is peemplete. If the pan is ite there is often no statement as to whether = 


“evaporation or in “obtaining ‘data is the general adoption — 
ofa standard method of measurement that will yield reasonably dependable and 
consistent results. In practical application evaporation data, whether for water 
surface, moist ‘soil, or - erystal dies, are desired fee relatively’ large areas. 
Investigations have shown that the standard U. S. Geological Survey floating — 
Submerged water gives results that closely approximate the ‘actual 
loss from a large body o of water and that for this | pan n successive — 
for short periods depart less : from the mean than for any other measuring — 
device i in 1 use. - These considerations, and the fact that the floating submerged — 
type of pan seems to reproduce most nearly the natural ‘conditions with: 
regard to factors controlling evaporation, w weigh heavily in favor of the adép- ar 


tion of f this method of bg as a ‘standard for water surfaces. 


the ground as to full depth as ‘and t near the margin of the 
_ water body, is believed to be the best alternative method for use under such = 
conditions. Neither the depth nor diameter of the tank should be less than big 


8 ft. Usually it is possible to obtain n satisfactory « observations from floating — 
_ pans for occasional short periods even in windy districts. By wttching 
both land and floating p pans the continuous record obtained from the land 
- pan can be used as a heals for determining what the floating pan evaporation A; = 
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To illustrate the of evaporation for a pair of land and flo loating 


pans Fig. 91 is is presented. ‘observations were made under ‘the 


direction at Lake Almanor, 1 near Prattville, Calif. | ‘The land pan was loca 
within 100 ft. of the water’s ‘edge in moist soil, a nd was set in the gro 


a4 so that the top rim was almost flush with the surface. The - differences in 
depth of evaporation as observed in the two correspond closely with the 


observed temperature ‘differences. “During August and September the loss 


am from — the land pan was about 15% reater than from | the floating pan. Ih 
two were practically the same. The writer’ s experience has been 


full annual cycle there is little difference between the land | pan 


oe % set 3 in the ground and the submerged floating pan, | but that during the summer 


. the rate of loss from the former is greater than and in winter is less than the 


latter. It is neeessary, therefore, to obtain factors at intervals throngh- 


ou a. 


Plattville Floating Pon 
Pan 
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PRECIPITATION, AND EVAPORATION FROM PRATTVILLE FLOATING AND 


oo measurement of evaporation soil and 
tion loss from cultivated crops and need ot 
Standar rdization even than that. of evaporation from water surfaces. To be 
@ use to engineers such data should be obtained by uniform methods ‘and 
* be expressed in terms of a generally accepted standard. 9 Evaporation | from 
a large free water surface as measured by the submerged floating-pan method 
probably the best basis for reference. If a full annual tempera 


_ eyele is covered by the data it is believed that either the land o r floating pal 


would be satisfactory for measuring water er evaporation. In view of the wider 
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of floating p pan records it is s believed of 
is preferable, although for shorter periods the land tank may be ‘more desir- 


my el or moist , soil and close ; growing vegetation, such as grass, the loss may | 
7 be determined direct by means of soil tanks. For o other types of le low growing 


vegetation, such as ehrube and trees, the po' potometer is used. the case of 
perennial plants" and trees the dry leaves are weighed, while annuals are cut 
at the root crown, and then stalk, leaves, and seed are > weighed. The ratio. re 
“of the weight ¢ of dry matter produced to water absorbed is then obtainec 
many ‘similar. data have been 1 observed by soil physicists and -agricul- 

tural ¢ and forestry investigators. Such data give relative values for various — 
types: vegetation but must be converted to obtain equivalent depth of 
water over the land area covered by the growth. For this purpose the weight 

dry material produced by a unit. of land area must be known. 
“caso of agricultural field crops the acre yield should be sufficient. For trees 
shrubs, and natural vegetation, typical areas must be selected and the leaves 

_ stripped, dried, and weighed. is probable that transpiration from the same 

variety | of Plant differs according to the locality. Certain investigators state 
the water requirement varies proportionally to the evaporation from 

free water ‘surface. — If this be true, the water requirement determined i in one a 

“locality: would r require modification for use in another region where ae 
Sin from the free water surface is different. The writer has followed this 
method in several instances when computing evaporation losses from 
valleys containing natural deciduous trees of different types, using the results — 


of European forestry experiments ‘the, waten has ar 


aes _ The use of tanks or potometers in determining plant losses is open to 
“serious difficulties, however, and “may produce results f from which grossly 

erroneous s conclusions ‘could be drawn. The direct measurement in the field, 
either i in plots, projects, or ‘whole valleys is more dependable, if physical con- 
ditions are favorable fo: measurement, and i is coming more and more into use. ~ 

@onclusion.—In conclusion it is desired to emphasize two points, first. 
the study of evaporation should not be confined to free water surfaces, 
but should be extended ‘o ‘capillary films ns surrounding soil grains, crystals ‘of ( 
alkali salts and ice, , and i in connection with soils should include the pul 
transpiration ; cand, second, th there is greatly “needed a study 


authoritative | adopti on of standard ‘methods of measuring the various ag ao 
M. O’Nen,* Esq. (by letter). —The author has brought 
concise and interesting paper much valuable data on the loss by evaporation 


p pans installed on U. S. Reclamation Projects. vente 


ts is to be hoped that in the not too distant future senenlld of these losses. ae 
obtained by the u se of standard and standard methods of installa- 


om, * Asst. “Canal Supt., Dept. of Natural Resources, Canadian Pacific mA Co., Brooks, 
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oS need of: a better knowledge of losses from evaporation. A better geneiil 
knowledge of the application of collected data to large bodies of water is als 


desirable. However, s so many factors influence the rate of evaporation “that 


ae “any relevant 1 formula can only tend toward increased accuracy in estimating 


= Phe rate of varies locally day to day and fr =e to 
year, particularly latitudes subject to ‘ice conditions during the 


a ‘season. It may also vary. widely in different locations depending « on pee 
topographic, and surface conditions as to cultivation, vegetation, ete. It also 


apparently varies ‘considerably with the type. of pan used and the metho 


= During the years 1919 to 1924, inclusive, the writer conducted investiga- 
tions, hoping to obtain | data tl that would enable him to segregate Seepage from 
a evaporation losses | occurring g at the Lake Newell Reservoir on the Eastern 
ee 4a Section of the Canadian Pacific Railway Company’s Irrigation Block in 
ie Southern Alberta. Mr. B. A. Miles, | the Hydrographer, , continued | the’ records 
a of the land | pans during 1925. The investigation was carried on in conjuné 
tion with the routine hydrometric surveys of the project under the super 
vision of Augustus Griffin, M. Am. Soc. O. E., Superintendent of Operation | 
el The Dominion Reclamation Service became interested in this investigation 
and supplied most of the equipment used. Since 1920 its engineers have made 
independent, periodic measurements of the discharges of inflowing and out 
flowing canals. The records were kindly made available to the Railway the 
= Company and added “materially to the value of its data. doub 


In the writer’s opinion floating pans present a fairly common problem 


to all who attempt to records from them. Waves, water fowl, water in. d 
and other adverse | agencies ‘destroy records. Constant ib poin 


required if reliable information is to be obtained. For this reason they fl 2 


‘not likely, ‘to be widely ‘used. if there i is any ‘practical ‘means of pro octi 


floating pan without impairing the record the writer | would appreciate ped the ; 


The Lake Newell occupies a a ia an ore 


uncultivated, rolling prairie land. Its approximate location is 100 miles Prev 


of Calgary, Alberta. At full 1 suppl y level it covers an area of 16 430 ac embe 
8 miles in length, and averages ‘miles in width. Water is conveyed circu 


tape it through two large canals and it ‘it, in 1 turn, supplies two canals | capable of ment 
be:  Minaitliagia an aggregate e of 1280 cu. ft. per sec. Daily discharges of the canals Wate 
: are obtained from the continuous records of Steven’s water-stage recorders prov 
y Its ra range . of stage above the full supply level of the outflowing canals i is from from were 
;  '\Bleentiene 2471 to Elevation 2485 and the available storage is 189 000 acreft. prote 
— full supply level. The maximum water depth is about 60 ft., , the lower § anen 
portion of the not being available. Corresponding to fluctuations it grou: 
— the drainage area of virgin prairie contiguous to the water surface * 


from 3.000 to 90 000 acres. is known of the n the 
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0 on BYAPORATION ON RECLAMATION PROJECTS 


of this particu r area. The surface soil of may be 


- deseribed as varying from a sandy to a silty loam, to 2 ft. in depth. During 


summer months a dense growth ‘of aquatic plants flourishes along the 


margin and in bays i in water less than 12 ft. deep. ‘Water was first admitted 
ting to the basin in the st summer of 1914 and the phe was s gradually | built 
“There were 12 000 “acres under water i in the fall of 1918. 
ws The fi first complete season’s record of evaporation from pans was obtained 


1919. Since then two land pans have been continually i in operation during 

“the open-water period of each year. A floating pan ~ operated from, 1919 

oF One pan was set on the n orth shore of Lake Newell approzimately- 40 ft. | 

back from the foreshore at a height above the lake surface varying from 5 to 

10 ft, , according to the lake elevation. — As this point was 5. Sn miles south of 


project headquarters ‘at Brooks it was seldom that. observations could 
iin be taken more frequently than once a week until 1923 when an observer: 
‘hh became availabl This resulted at times in losses of as much as 2 in, befor 


PE ‘Asa ihe on this pan and to admit of ac closer study, a similar land } pan AS 
was installed 40 ft. from the shore of a reservoir covering about 40 acres in- 


— 


uy § the immediate vicinity of Brooks, Here the water surface is about 35 ft. 

= below | the full supply level at Lake Newell and is 500 ft. wide i in front of the: 

land pan. exposure and topographical features ‘of both locations cor- 
responded closely in 1919, but since then the area around Brooks has come 


under cultivation and irrigation with thousa: nds" of trees m: naking a vigorous — 
growth. ‘the ‘prevalent winds are from the northwest and southwest 
the parkland lies to the northeast across. the Feservoir from: the pans, 


xy are 4 Both land pans were made from No. 22 gauge, , galvanized metal, 
‘ing 8 @ in diameter an and 20 i in. deep (Canadian Government standards). “Wells ee 
jetails | the pans were cut in the soil 20 in. deep and 4.0 ft. in Gamer, A wooden 
 & Dost 4 in. square was driven into the | center of the bottom leaving slightly 
rea Of ‘More t than 2 in. projecting, on which the bottoms: of the par pans had a bearing to i® 
3 east prevent buckling. _ Two wooden breathers with ‘openings 2 in. ‘square were 
acres, embedded - vertically on - opposite sides: of the pans to provide for the free ¥ 5 ae 
yed to ireulation of air ‘through the 2-in. space beneath the pans. This arrange- 
ble of # ment left from 14 to 2 in. of the pans projecting above the ground surface. 


canals | Vi Water in the pa pans | s was set at ground level, or about 2 in. below the rim. This” a 
orders. “proved ample to accommodate the heaviest average rainfall. gauges 


were Placed 18 in. above ‘the and from the pans. Both 


ave 


ume Manner as those used on U. Rodamaton projets except | thet ‘no 
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appreciable influence on the 
have had any ap a fl ting pan, 
lly located on 6 ft. of water, a floa be 
On this latter body, centrally 
— 
— 
— 
i= 
ks with the cups 2 ft. above ‘ eee 
vere-ft. at Brooks with the 


fal 


ar 88 possible 4 in. below the Cael it slightly below the surface of — 


rounding water in the e reservoir. The 4 i in. were e deemed r necessary 
sloshing during light winds. records from this ‘floating pan, 3 ft. 


identien) with the land | pans was floated from a 
- @ few hundred feet from the square pan during the summer of 1928. Th 
circular pan wa: was immersed somewhat deeper than the square pan to. equalize 
the npflecting ‘areas of metal of each pan above the water, both inside and 
outside. - The season’s record showed that the amount evaporated from 
smaller pan was 1% “greater | than that from the larger. ‘The square floating 
Gauge readings were made once or twice daily for the | land pan at Brooks 
Accurate readings of the | gauges in the floating pans could only be 
made during calm weather when the pans were Tefilled. The water in ‘the 
was changed often enough to ‘prevent mossy formations but light 


adhering » to the sides or deposited on the bottom was not removed et: was 


and no attempt ‘made to daily 
"evaporation for periods of lost. or doubtful records extending over two days 
Since 1922 ‘the average mune of the water level in the land pan at ‘Take 


it is noteworthy that records have consistently. shown the ave 
on from a floating pan to be greater th than that from a land an, 
while records collected on the U. 8. Reclamation projects show ‘the reverse 
variation is possibly due chiefly to the difference in dimensions 
and to the method of installing the land pans. 


the aggregate these records have yielded the following results: 


€ 1.—The depth of water lost from a land pan, 20 in. deep and 4 
diameter, set in soil is 80% of the loss from a similar pan suspended from a 


_ 2—The loss from a floating pan, 18 in. deep and 8 ft. square, is 1% resi 
than from a floating pan 20 in. deep and 4 ft. in diameter. 


~ 8.—The loss from a land pan installed on the windward side of the 4 
4 eservoir near cropped and irrigated ‘areas varied from 93 to 101% (averaged 


5%) of od loss from a similar pan, 1, similarly ‘installed, on the leeward side 


Be 


. Houk 1 — a brief summary of the n more @ important features of the 


as “4. —tThe evaporation from a land | pan, 4 in. ‘ana and 3 ip square, set in the 

ground with earth banked around the sides, was found to be only 72% of the 

the ground from a Class A land pan, 10 in. deep and 4 ft. 
t th no earth around athe sides. 


‘a 
— 
— 
ing-nan 
— ler 
e 
— 
4 
— 
— 
a 
> 
— 
— 
— 


ON EVAPORATION ON RECLAMATION PROJECTS 


to 

Assuming that. this Class. floating pan and “the 

Service , standard cireular | floating pan used on the Brooks Reservoir may be 

eonsidered as forming a common basis for comparison, the following slation 
between the he two records may be established 
oe @ «The U. Ss. Reclamation Bureau p pan, 14 in. deep and 3 ft. square, set 
3 jn soil and banked gives a loss ss by ev: ; evaporation o of 108% of that from the ae 
—The Class A land pan land gives a of 0 of that 
f _ ©: —The Canadian Reclamation Service standard land pan as installed 


85 


ze 


Brooks gives a Joss of 80% of that from the ‘similar floating pan. 


deduction is found that ‘the amount evaporation from the 
Canadian standard pan is 74% of the loss from the U. S. Reclamation hon ~ Be 
_ square land pan and 54% of the loss from the Class A land pan. ae te a 
It will be seen that it the loss by evaporation from the Canadian Reclamation . a 
: ‘Bervice standard land pan is much less than from the U. S. Reclama- 


x _ tion Bureau land pans when compared with the loss from floating pans, 
It is quite probable that the distance below the 3 rim | of the pan at which 


; ‘the water surface within wa: was maintained had a measurable influence on the __ 


Tate 0 of evaporation. However, considering the conditions under which 
‘necessary to operate it was not deemed advisable to maintain water 


— 


= 


oa a Brooks, , which was on the windward side, by 5 per er cent. 


ange h, inf 
epth, in feet. 


The average depth of water lost from the L ake Newell land w the 
year period is 108% of the total loss of water from the reservoir due or. 
allcauses. A _ A study of Table 35 will show that | the seepage loss, « or loss other — 


s that measured by the evaporation pan, when taken by the season is jealy 
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‘ttle 
Tee 

daily 

days, 

7 

| pan, ative humidity and wind movement at the Lake Newell and Brooks whe ae ee 

verse joirs. No doubt the larger size of the body of water at Lake Newell 

sions ducive to a greater wind movement. It may be due to the fact that mie sae - 

; _ the land pan at Lake Newell was on the leeward side of the reservoir that the __ a a. 

tofthe = 

ia 

lowing 

i 

in the vie 

set 


sly saturated was fl flooded. ‘The ‘figures give’ 


from the tributary drainage basin. © Tt will f further be « observed that ‘the | land 
‘pan record should be reduced by | as much as 80% in certain seasons to cor 
respond with the actual loss from the reservoir. That the correction Varig 

widely for different seasons will also be observed. The problem: ‘that til 
‘presents itself is: What corrections can safely be applied to the evaporation 
rs “measured in land pans that will reveal with some measure of accuracy th 


quantity of water lost from this “reservoir. to adjacent “areas by seepage! 
| 


TABLE 31. —RELATION EEN THE Rates oF OF Evaronanion AS 
rrom A LAND Pan anp a Froatina Pan at Brooxs REsERvOR, 


x 


FLoaTinG Pan 


> 


Al October 5. 
1921 May 15- 
October 31. 

1982 June 

October 17, 

July 1- 


1919 May 9- 
September 30. 


1920 June 1- 


6 | 


1.30 


TABLE tia as OBSERVED FROM ‘ 


Ser 40 Feer rrom THe Maras or Lake 


Period of record. Period of record. ivaporat on, 


20-October 28 9-Octobe 
26-October 16.....| 2 |May 26-October 
1921 16-October 81 May 16-October 81. 
|May 16-October 11°....| 2 May 16-October 3. 
1-October 7 209 Mey 1-October 7. 


* Brooks land pan is located» on the windward side of the reservoir near young 
e Newell land | pan is, 


| for run-off unde A 
a sive evaporation loss are not compa' 
they are in every 
= 
— 
— 
4 
— 
— 
_ 
— 

— 47 1 L Dy 
‘from 1919 to 1922 was ft. square that used fim 
1919 to 1922 was 3 ft. squ 
sed from in. deep. 
Floating pan u in diameter and 20 in. 
1928 to 1925 was 4 ft. in 
— 
— 
— | 
— 


a. 35; but what weight should be given to the v: various factors ¢ causing an 
t 


fy seasonal differences? The writer is not able to make any suggestions tha 


would be of value in t ‘this direction. 


= 


Mean Maxi- | Mi hour. | Fahren- | 
monthly.| mum. mum. _ heit. : 


Tee conditions 


COM 


Seesez 


~ 


BRSLLASKS 


‘a * Temperatures and precipitation are complete for 7-year period, 1919 to 1925, inclu- Ao 


— -Reoorpep AT Lake 
rrom a Lanp Pan. 


(Depths are given in inches. 


= 


te 


16 


x October 31. 


19t 


yi 
October 23. 


921 May 


1922 May 16to || 


1920 May 26 to 
October 16. 


Ma: 


1919 


¥ 
1 


Average of last 18 


4 Average of 
days. 


That loss seepage from this ‘particular reservoir is indeed 


fairly well indicated by records taken during the winter Seasons is when it was 


_O’NEIL ON EVAPORATION ON RECLAMATION PROJECTS 
it ™ 
— | | Average Average 
— 
0.80 
9.06 | 2.00 2.75 | om | 5.58 | 5.88 | 4.18 
ee June...........| 7.18 | 6.65 | 6.46 | 5.88 |9.25 | 5.65 | 5.60 | 6.14 — 
August... 5.68 | 7.61 | 7.35 | 5.46 | 4.58 | 4:00 | 5.69 
September." 4:94 | 5:10 | | 8.72 8.98 — 
 § Winter precipitation is generally in the form of snow. The drifting over the a 
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LIPP ON EVAPORATION ON RECLAMATION 


reservoir surface from adjacent | areas doubtless introduces an To 
os what extent evaporation from the surface of ice and snow may account for eS i; 
losses here given is problematical. Condensation from the atmosphere 
may also be an influencing do Kotesonih 
“In Table 30 the total losses in every case cover the months of f December, — oo. 
piles, and February, and while they may appear small there is no reason fea a 
to believe that subterranean water reaches and augments the reservoir — 
the » records fromthe floating pan used on this “project. are cemparable 
- with the records obtained from the Class A floating pan used by the U. o 
Reclamation Bureau it appears that the evaporation loss ‘measured in: ‘the 8, 
_ Canadian type of land pan approaches actual reservoir loss more closely than a 
does the loss from the land pans described in the paper. 


In this discussion and in Tables 31 to 35, in an abridged form, an effort has _ ae 
made to ‘point o out some of the important factors that affect the records of _ 


evaporation from pans. The variable relation that these records may have to 
the loss from a large reservoir is shown by Table Berio ry cot “most 


M. Au. Soo. 0. E. (by letter).—The author 
sented a valuable record of evaporation as measured by standard m methods a : 
ets of the U. S. Reclamation Service in arid America. —  _— 
determination of evaporation losses in the dryer sections of the country is of & 


importance because cycles of rought as great as seven years in succession are 
recorded, which call for large storage capacity to hold over ‘from years of = 
flood. For instance, the Henshaw Reservoir in San Diego County, 
fornia, is built to a capacity of 164.000 acre-ft., and the net safe yield ‘there: 
from is taken at only 24000 acre-ft. With evaporation ranging from 4 to 5 

ft. ft. and hold-overs for such long periods, the loss of impounded water She. : 
oe evaporation is likely to be from 30 to 50% of the total. ‘There is much dif- 

ference of opinion on the wrt se of competent engineers as to what ratio aie 3S _ 
— the loss from pans and from large ws ater surfaces. ‘This is difficult — eee B 

to determine, not only because of the variation in the evaporation from year ae 

to year, but i in the results obtained from the telatively small shifting of the 
location in which the | pan ‘records are kept ia 


| 


. Variations in in such records of 
10 and (20% within 3 or 4 miles have been noted at practically the same 


a surfaces of the fluctuations i in n inflow and withdrawals. The informa- 
tion which has" been compiled is not consistent, although not ee, 
is important, however, for the w water to form 


ia time ‘the writer has been gathering data of evaporation rr lake or +a 
_‘Neservoir surfaces. In California there is little > summer rain, and it is pos- 2 
sible to find places where sre the run-offs into the lakes summer 


Cons. Hydr. Engr., Los Angeles, Calif.§ 
t“A Study of the Depth of Annual Evaporation from take Conchos 


tons, Am. Soe. C. B., Vol. (1918), p. 1828, 


q 
— 
“a 
3 
— 
2 
— 
- @ Duryea and H. L. Haehl, Members, Am. Soc. C. E., brought out much dis- | re Figs 


with accuracy. was the writer’s intention to present these data i in a paper 
to the Society. ‘However, as as the author’s collection of pan evaporation “records 
suggests a further discussion of this question, these notes are submitted. 
Evaporation Losses from Large Water Surfaces——In the paper by M 


‘Duryea and Haehl, previously mentioned, conclusions are drawn to the 


a that the rate of evaporation from large water surfaces was substantially lower 
came? than that from a floating standard evaporation pan. It was stated that the 


evaporation loss from the water surface of Lake Conchos was certainly all 


67. 5% (and probably as low as 62%) of that from a an evaporation pen 

ft. square, floating on the lake ‘surface, Messrs. Duryea and Haehl state 

eg that the rate of evaporation from a small pan is greater than that from a i 

= - large ¢ one, that i is, the. evaporation from a floating | pan 2.0 ft. square is 108% iy 


— that from a pan 3.0 ft square. Their conclusions have been accepted ly 
many: engineers, and two-thirds of the recorded rate of e evaporation from . 
B aa standard 3.0-ft. floating pan | has frequently been used in estimating evapora 

a a Relative t to the subject, J R. B. Sleight, Assoc. M. Am. Soe. C. E., 


a careful consideration of all factors mentioned, and the curve (Fig. 4) — 
which is approaching the horizontal for the large | areas, leads the writer * 

ze Evaporation figures from tanks 2 feet or greater in de pth, prefer ai 
circular, set in the ground so that but a narrow metal rim not over 8 inches 
wide projects above the ground and in which water is kept approximately — 
at the ground, level, are most applicable for extension to large open-water — 
~“(b) Data on such tanks may be quite safely divabtiia to large open- 
eek surfaces under exactly the same conditions of wind, air temperature, 


ee and relative humidity by multiplying the evaporation depth from a: a 
foot tank by 9-foot tank by 0.98 
af 4-foot by 0.84  12-foot tank by 0.9 99 
“Factors for depths from other tanks used have been found: tud 
3 by 3 feet, sitting 2.75 feet in ground (Fort Collins 


rs 


wv. “Geslogical’ Survey floating standard 3 by 3 by 15 


Weather Bureau ‘class A station 4 ft. in diam- 
eter, 10 inches deep, above qround.... 66” 


_ Comparative Evaporation from Tulare Lake and at Kingsburg, 
Pe ulare Lake, in the San J Joaquin Valley, in Central California, is a basin Me 
= which a number of rivers ‘discharge when in flood. During ‘the late sumimer 

= ene ordinary and low years, little, if any, water now finds its me 
into the lake because o of the irrigation “diversions on tributary stream 
Some pumping from the lake was s begun in the fall of 1915, but since 1916 
these pr pumping operations have ) been substantially i increased for the irignton 


‘Vol. 10, July 30, 1917, p. 237. Farin 
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in the loin surface was caused by The lake is with- 


miles to the of the lake, at Kingsburg, in the San I oaquin 
| evaporation records were _kept by the State Engineer of California, 


§ ath The measurements of evaporation at Kingsburg were made during 


i _ period from November, 1881, to October, 1885, inclusive, (a) from, a hoe float 


ing in Kings River; and (b) from a “pan in air”. a16 Brel 


The x results by monthly averages for the | period are given in Table 38, 
a together w with 1 the evaporation figures as computed for Tulare Lake by the ) 
writer. The data for the Kingsburg Station were originally the 
; California State Engineer, William Hammond Hall, M. Am. Soc. C 


L 


ica 1910, 


| al 


‘The pan near Kingsburg w was 2 ft. square and 1 ft. deep. 3 The 
pans used in making the observations in open ground at Kingsburg were 3 ft. cP z) 
_ square and 15 in. deep. The water surface was | maintained about 5 in. below aon 


z the r rim of the pan. a When floated i in the 1 river, the pans were e protected from the 


this purpose was into which the ] pan was fitted so 
a float horizontally, but was not protected from the sun or movement of the 
7 air. The water level i in the pan was kept at uniform height by making daily ion m 
= additions, by measurement, into it during | the summer months. ‘Daily rec- — 
ords of the temperatures of the air and the water were kept. 
After the first: three months, the ‘ ‘pan in air” referred to Table 38 was 
: set into the ground with earth banked ound its sides to the elevation of the 
water in it, with its full surface exposed to the sun and wind. During the — 
first three or from November, 1881, to J anuary, 1882, inclusive, this 
pan was on a railroad bridge, exposed on all sides tosun and air. 
tas _. Kings River flows : from the western slope of the e high Sierra Nevada Range, 
which culminates in a crest having an elevation of from 12000 to 14000 ft. ee By: 
The river i is fed 1 mostly from melting snows. The distance from the crest 
Kingsburg i is | approximately 70 miles. The. elevation of Kingsburg is 297 ft. 
The river waters at Kingsburg, doen. are cold, especially during the 


of ‘melting s After J 1 is at low and the water 


| 
‘ 
the 
— 
pan 
3 — 
ma 
— 
— 
— 
— 
i 


reaching the lake, and it is only during flood periods that the streams dis- 


warmer. The low temperature of the river water would rediige 
es. its } rate of evaporation ‘as compared with warmer water. The water in the .- 
= Tulare Lake receives its water from the Kings, Kaweah, Tule, | anid Kern 
Rivers. All these rivers increase in in flow i in the spring : and early ‘summer, due 
‘ to the ‘melting | snows, culminating i jn discharge about June 1 and by July 
os reaching low stages which ch usually are maintained as such until winter. ‘The | 
‘summer flow of rivers is diverted for irrigation purposes. before 


charge into it. No direct measurements of these discharges into the lake 

_ prior to 1915 are available, § so that a determination of the evaporation from é 

the lake surface has to be restricted to periods during which er is no inflow 


ie it, and also when the level of the lake is below its outlet. Hydrographs q 
- of these rivers indicate low-flow periods to extend from J uly to ‘December, 
They coincide with the months of little or no rainfall in this region, a8 Bee 


in the records of precipitation at Hanford, Calif. the point nearest 


effect on the level of the lake. 1 The seepage into the lake from surroundiag: 
lands i is negligible. itt either seep seepage water or stream water - entered the lake 
during the periods for which comparisons are being made between lake and 
Pan evaporation, it would decrease the indicated evaporation from the lake 


surface, and if adjustment were made on such an hypothesis, it would empha- 
__ Size the general conclusions presented in Table 38. 


TABLE 87. —Rawratt, IN INCHES, AT Hanrorp, Caurorsi. 


1906, | 1907. | 1908. | 1900. | sort, | 1912. | | | 


1.80 1.26 
1.98 
4. 


bes 
> 


secre 


= 


ise 


November.. 


Anal, 18.81 | 9.43 | 8.98 | 11.17 


rainfall in the oft the lake is 10 
= ual all of which occurs during the winter months. There are call 
storms in September, October, and November. The rise of the lake in Novem 


ber, 1912, over the October an October rain. 


‘Tulare Lake is broad and shallow study, it 
ranged from an area of 103 000 to 198 $000 acres. ‘Tts depth varied from 0 to 


ft. The bottom: of the is 180 ft ft. sea level. ‘The temperatures 


| the 
the 
— » 
to 
i 
a 
— 
— 
a — 
— 
a 
June. 1 | 0.02 1,88 
0 alt 0.36 | 0.8 | 0.61 | 13 | 
1.58 | 0.81 9 | 9.67 | 10. 4 
— 


Tulare Lake as those at Kingsburg where observations on the pans were — 
z, The b bed and shores of the lake are clay. Very little water would b be lost eS 
z ~ seepage into the soil or \ would return from the ‘soil when the lake levels fell. bed 
_ Systematic records of the. stage of ‘the lake are available since 1906, when - 
the U.S. Geological Survey established a gauging station thereon. Measure: 
ments Lave, been made at weekly rand monthly intervals to date, but | since 1916, 


ae the siage of the lake has been affected by withdrawals, by pumping of water 
for irrigation, and the computation of the evaporation has been carried from 
The gauge was usually read to 0.01 ft. and 1 the observer was instructed not ey 
to. take readings during wind storms: which might cause abnormal levels in 
parts of the lake. Although the observations for evaporation were not taken 
at the same time from both the pans at Kingsburg and the surface of Tulare — 
Lake, they were of such duration that it is believed they will throw light on % 
the relation between the actual records of evaporation from the ake surface 


leg the rate of evaporation from 1 a floating pan in this locality. 


Kingsburg, as measured in the pans. 


TABLE 38.—EvapoRaTION FROM Laxe. Comps ARED- with Evaporation 


ooo 
Percentage. Pan floating 
of floating pan in river, in ofhereentage 4 


r month. ova ration | feet per 
pe burg. month, 


101 0.861 119 


‘ 189 0.300 0.989 


eet From Table 38 it will be noted that the rate of evaporation observed from | ie 
a4 surface of the lake was 112% of that from the floating pan in the river — roe 
ie and 95% of that from the “pan in air” at Kingsburg. _ The evaporation. from) 
the “pan i in air” was | 118% of that from the » pan in the river at Kingsburg. 
water, Which: 


‘ST. Harding and Harry Barnes, Members, Am, Soe. O. E, saoiiaieilh a 
study* of the evaporation losses in Kern County, California, with particular — 
4 reference to their relation to Buena Vista Lake which much resembles am, 
Mae i in position and exposure. For 1920 the evaporation pans were of the a 


~ 
_*“Water Resources of Kern River Streams and Their 
9, Califoraia Sate Dept. of Eng., 1920. 
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LIPPINCOTT ON EVAPORATION ON RECLAMATION PROJECT 
re and 2 ft. deep, 

pan was by a a to bafile v wave The water sur 

was maintained 3 in. from the top of the pan. Owing to the flat slopes of pe 
ay bed of the lake and the shallowness of the water during a part | of the . season,” 
- pan was set in os excavated hole so that the water at the outside did not 
- more than 6 ‘in. . below the top of the pan at any time. 1 Th e floating j 


- of evaporation from the fara pan: is s given as. 115% of that of the land p pan, : 
During the months, July to November, inclasiva, there was no inflow to the 
lake. The outflow was small, » but was measured. The ‘comparison of evapora- 

tion from the floating p pan with the actual lowering of the water surface of 4 
Buena Vista Lake in 1920 was as given in Table 39. 


TABLE 39. 39.—ComPaRison OF EVAPORATION FROM Pan AND “FRO 
 Surrace or Buena Vista Lake. 


; ndicated lowering o easured evaporation 
Month. ‘Reed Buena Vista Lake,due | from in pan, 


2 0: 70 7 


| year was 77. 99 in., , that th the estimated, actual the whole 
dake was 54.7 in., , and that the estimated coefficient for the year was 0.70. The 
Base however, for the months of actual o observation was 74 per cent. 


Messrs. ‘Harding and Barnes also made a comparison between the evaport 


that the estimated evaporation measured from the pan at Bridge 
is 4.4 ft. per year and that from the lake itself the evaporation loss was 4.6 ft. = 
It is concluded, as follows: san “For this portion of the San Joaquin Valley the } 
total evaporation for shallow lakes appears to be about 44 ft. pe: year. soit » ee 
Comparative Evaporation at Lake Hodges. —Lake Hodges is in San Diego! 
County, 10 miles. from the coast. The high water surface is 315 : 


The sides of dhe reservoir are largely steep and | rocky. pit 
ate ‘This study for Lake Hodges i is based on the results s obtained ‘from a's stan 
a a“ | pan, 8 ft. square and 18 in. _ deep . The water in the pan was kept within” 
4 in. of the top, and the pan v was buried flush in the ground on | a en with ed 


Bulletin 9, Dept. of Eng., State of ‘California, ge. 
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expostire to sun whole day. . The | pan was ‘protected by a 


 goreen of 2-i “in. ¢ chicken wire. This pan was at the west end of Lake Hodges. 


: = There was a prevailing wind 1 movement from the west over the pan from 
he spillway cut of the dam. This prevailing wind traversed a '12-mile stretch’ 


e. 


of mneultivated country, before it reached the lake surfac The lake is 7 


; niles long, about 2 000 ft. wide, and lies in the general direction « of these pre- ie 


mailing westerly winds. ~The evaporation fi from a standard pan i in . the ground 
"near the east end of the lake for 1922 was 18 only 88% of that from the pan at ab: 


the dam. prevailing winds probably have absorbed some moisture from by 
the lake before reaching the eastern pan and hence. cause less evaporation. 


_ There was a little rainfall | during months of the observation period, 


no resulting run-off as shown by the daily gauge readings at the reservoir. — 
- ‘This rainfall was considered in the lake as well as in the pan evaporation — 
"second... There were no withdrawals from the lake during the period of com- 


The lake evaporation was 96% of that from the e pan at the « dam at the 
i is considered approximately, the true relationship 


observer at ‘Lake Hodges was an engineer. 


al 


January, 1919, the pan was s floating i in water in deep section of the 
near the dam, and was protected from | wave 1 motion by log booms. In Novem- ba 
ber, 1921, and Ju une, , 1922, the pan was buried flush with the "ground on the od 
hillside north of the lake, fully exposed to the sunshine and wind movement 
except for a 2-in. mesh screen. 


| The estimated evaporation from the lake based on the observations for E 
- these four months was 115% of that from the , pans, ¥ which is 17% higher than , 
the corresponding figures at Lake Hodges. This may be due to the rapid sum- s 
plant growth on the large ‘marginal swamp area at Cuyamaca Lake. The 
"evaporation figures from the lake for June, 1922, were 2 in. more than those 
from the pan. The lake has a mean depth of 0 nly 12 ft. and hence ae 
warm during ‘the summer . months... * screen covering pan may have 
reduced the evaporation therefrom. ‘The wind movement over ‘the 
 Ouyamaca | pan. was practically the seme as that over the lake, During = 
| Summer months the water temperature a at Cuyamaca Lake was 73° Fahr. on 
the sur surface and 70° Fahr. at the bottom, as compared with Fahr. on the 
at Lake Hodges and 55° Fahr. on bottom With due. allowances 
Ba the | plant growth’ and the screen. over the pan, the evaporation from the a 
surface of Cuyamaca Lake would probably be. much same as that from ae 
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OTT ON EVAPORATION ON RECLA MATION PROJECTS: 
The ¢ evaporation from a standard pan set in the ground at 


he Lake and observed Aes: 1914 to 1917, inclusive, was 69.46 in. per y year, ioe 


a floating pan, from 1914 to 1921, inclusive, it was 66.88 in. per year De 
] 


ake surfac xpand r ta 
the lake surfa as eXp pa ded fr fragmen records, 


taken during the dry season of little run-off during two years® was | at the 


a rate of 57.6 in. per year. - Based on these data, the lake surface ev >vaporation a 
86% of th hat of the floating pan. Table 40 shows the relative evaporation fr 
Lake Hodges and Lake Cuyamaca. 


TABLE 40. Evaporation AND pied 
KE AND. OvvaMaca, FOR Periops 0: oF No Reservor 


Pan eva 


+ + ew i 


June, 1919 


0.60 (pan in ground 


(4 


0. none 


“baw Brel Lake evaporation = 9% of Pam 


KE, AREA, CRES. 


evaporation, | Pan evaporation. 


dient: in water) 


re 8.21 in ground) — 


—— 


Totals... 18.88 (1.578 ft.) 16.38 (1. fer 


ed, Lake evaporation =115%ofpan, 


i Am. Soe. 0. E., has’ given a ¢ ste 
between evaporation of the water surface of the Upper Otay Dianevit in San’ 
Diego County, California, to evaporation | observed from floatin g pans 8 fk 


_ square, at the ae Reservoir. The Upper Otay Reservoir is 13 miles 


iad 
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ag 
of San Diego, Calif, and 580 0 ft. sea level, is approxi 
mately 1 mile long and 4 mile wide. _ The drainage area is small with | steep 
sides. The reservoir has an area of 160 acres and an average depth of =s_—=(@® 
0 ft. Acc cessions to it and withdrawals from it are comparatively infre- ae 
1 quent. Mr. Whitney shows that during the three months, October to Decem: nie 
5 ber, 1915, inclusive, the evaporation from the water surface of this reservoir ne a 
was 87% of that from the floating pans. 
the paper by Messrs. Duryea and Haehl, previously mentioned, 
2 - probable mean annual evaporation from the Upper Otay Reservoir i is given as 
8 i in., which is greater than the ne pad 1 records at Sweetwater only 6 miles dis- 


tant a and with much the same exposure, the record of which is given en subse- 


J. Ellis and Charles Lee, M. Am. Soc, E., have made 


a study* of the comparative evaporation from a pan floating i in the La Mesa ~ 


i Reservoir in San Diego County, California, with that of the Otay Reservoir #5 a 


is situated 11 miles to ‘the and which was neither drawn m upon 


nor received accessions during the period J anuary, 1918, to December, 1915. be e 
3 The rainfall was s observed at the Lower Otay Dam about 24 miles to the west ee _ 
a of the Upper Otay. After making corrections and expanding the record Mr. 7 Ne 
4 Tee concludes that the evaporation from the Otay ‘Reservoie was 94. 04.2% of 


“that shown by the pan floating in the La Mesa Reservoir. . ie 


Evaporation from Sweetwater Reservoir— ‘The -evaporationt 


Sweetwater Reservoir for the e period, 1889 to 1894, inclusive, was measured 


for 4 4 years in a standard pan, averaging 58. 7 in. and, » subsequently, for 
“years with a Pische evaporimeter which showed a yearly loss of only 45.77 


Mr. John n F. Couvert, Engineer for the Sweetwater System, computed the 
evaporation of the Sweetwater Reservoir from 1910 to 1914, ‘inclusivet 


Based on his “meter r readings, W. S. Post, Assoc. M. Am. Soc. E, found — 


the. evaporation Tosses from the water surface amounted | to 56. 56. 98 i in,  indi- 
PA pd that from this series of readings the loss from the reservoir surface 
Was 97% of ‘the pan “record. . The Sweetwater Reservoir is is 8 miles s east of of 


San Diego, at an elevation of about 250 ft. 


Elsinore Evaporation. —Lake Elsinore, which is s shallow an 
ts situated 26 miles from the coast in Riverside County, Southern California, — 
in an inland valley where summer temperatures are Telatively high. The ea: 
bo 


ttom of the lake is 1218 ft. above sea . level, and the lake ‘overflows at Elevation — 
161 when its area is 5500 acres. The water is quite saline except during ae 


The floods of the San Ja acinto River discharge the nd 


igh 


occasions the lake ‘is entirely i but it was hi high pte 1916, an By 


_ Evaporation records have been kept from a 3-ft. pan floating in water 


md the g gauge height has been taken on the lake itself. This work was done 


Water Supply Paper 486, U. 8. Geological Survey, = 
t Water Supply Paper 81, 8. Geological Survey, P. 344. 


+ 
_ Transactions, Am. Svc. E., Vol. LXXX (1916), p. 1914 9 
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the San. Diego County Water Company, under the direction of ‘ite, Rag. 


jay ‘heer, Mr. W. 8S. Post, from May to September, 1916. shop 
i a Ye! _ ‘The lake is surrounded by quite e extensive areas of flat land which po 
‘sibly may drain into it as the water levels recede. Several hundred acres 
es are irrigated by pumping from these marginal areas, the water being spread 
on “the surface. thereof. In the opinion of the engineers" of the Californis 
Bs “State Division of Water Rights these ground-waters do not originate fron 
the le lake. _ The ‘result of comparative evaporation measurements between the 
lake and the evaporation pan for 5 months during ‘the summer of 
ee 1916 shows that the loss from the surface of the lake i is 84% of that from the 
pan. (See T Table Al. During this period the. inflow and outflow from th 
a ~ lake were ‘known and the « corrections ‘made therefor as given in the aia 


hice ake evaporation = of pan ebusta # ot 

S. ‘T. Harding has written a report* in which he has presented 


the estimated gross evaporation of Lake Elsinore. ‘The inflow of the Sa 
7 Rae. J acinto River into the lake and the outflow of the lake were measured, {0 
ee re _ gether with the local rainfall, and, by deduction, the record of evaporation 


# from the lake surface as shown in Table 42 is determined. Professor Harding 


ig The ‘resulting figures cannot be considered as being more than a general 


_ estimate of the probable run-off. *— _* * All of the local run-off is consit 
Ee, _ ered as reaching the local ground water, direct inflow to the lake being small 


“The ‘available records are sufficient to enable the ‘evaporation Tile 
ak Elsinore since 1916 to be computed. This has been done in Table 17 . The 
aaa _ fluctuation of the lake for each month is caused by evaporation, direct rait- 
5 ahs - fall, and depth of inflow or outflow. The records of inflow and outflow, wit 
Fie) ’ 2 - the area and capacity of the lake, enable the depth of inflow or outflow to be 
computed. Fluctuations not accounted for by other items have been 
sidered to represent evaporation.” 


& 
A lake surface, in water, 
August, 


computed by W. S. Post, Assoc. M. Am. Soc. C. B. 


na Professor Harding estimates the ‘evaporation from the : surface of Elsine 
Lake for the months, May to September, inclusive, to average 2.7 ft. for & 


5. 


* “San Jacinto River Hydrographic Investigations, 1922, 1 of Water Rights, 
‘a California, Table 17. MTA 2 
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"CHANDLER | ON ‘EVAPORATION ON WN RECLAMATION PROJECTS 


; 
$95 ft. On this basis of comparison the lake was 83% of 

Mr. Lee has referred to certain evaporation ‘observations that that h has 
made.* A pan was was floated on the surface | of Owens River 20 miles of 

Owens ‘Lake. The water of this river during high stages comes from t 
snows of the adjacent high Sierras and nd during the late summer 

ensists of return water from irrigation. Owens ake is broad, shallow, and 
line, and has no ) outlet. _The wind movement in this ; region is high. The oe 
inflow was measur | and the fluctuations in the surface of the ake were 
“weed. Mr. Lee finds the | evaporation from the pan and from the lake to | 
‘agree 1 within 1 per cent. As in the case of Kings River, however, the water 


as the river probably was much cooler than that of the lake, which may cause 4 
the rate of evaporation from the pan n floating in the river ‘to be less rapid a8 
"compared to the lake surface evaporation. + shat 2076. 
Conclusions. —From the data available, the believes that the loss’ 
ri ‘fom a reservoir surface is not quite as great as that from a floating pan 510 
Inder sim similar conditions of f exposure, the difference depending on the general 
of the reservoir or lake, probably amounting to 90 to 95% of 


from a standard floating pan similarly | exposed, . This is a subject that requires ‘ 


“much further information and study. | When it is remembered how uncertain 
3 ‘it is to compute the net safe yield from any given water-shed through a oom 
a TOS ve dry years, ‘it would “appear that conservatism would lead to — 

3 

the acceptance of floating-pan evaporation records without deduction in deter- 


mining | the evaporation losses from lake water surfaces. 
E. F. CHANDLER, M. Am. Soo. E. (by letter) —The author deserves 
thanks having summarized convenient and accessible form bie 

the results of so extensive a series of evaporation records from different locali- ae 
ties. This illustrates that at any one station the evaporation has a definitely _ : 
‘determinable average value, and that its total is nearly uniform at any one 
point, varying much less from year to year than the annual precipitation. — es a, 
This indeed might reasonably be expected, for, | in ‘most parts of the United ae <6 


States, rain ac 


on 


total hours of rainfall are doukiied or halved, the resulting in hours 
the evaporation period will be an insignificant percentage. 


+ and month to month, with temperature, wind movement, and d humidity, 
’nt these factors are not so enormously different at the same point in annual — 


frre or totals from year to year, and the total evaporation is fairly uniform. 


* Water Supply Paper 446, U. 8. Geological Survey, p. 108, 
Prof. Civ. Eng.. and Dean Coll. of Eng.. Univ. of North Dak. 


the 
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a ost of the country a humidity of 100% is 2 
eI cept when rain is falling, so that there is more or | i + oly 4 2 a 
is more or less rapid loss by evapora- 
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Ores. site tank and its exposure, so that care must be given to the conditions if om 


4 parable records are to be. obtained from « different stations. . The paper drew: 
attention | to ‘the diversity of results between different ‘stations even in n 
adjoining: regions, , 80 that figures must not be heedlessly transferred); 


oF one | region to another 


considered applicable without adjustment or 


fication. These divergences are caused not by differences in form and 
a exposure of _ tank, but primarily by differences i in climatologic factors, 
especially by altitude which necessarily has a great effect on evaporation, 


ae may be of interest, , therefore, to submit a summary (Table 44) of another & 


record of this ‘same kind which maintained through many years unde | 


“the writer’s supervision: for ‘the 1b: Geological Survey. _ This ‘record Was 
continued through every open séason from ‘April, 1905, to nh fune, 1920, at the 


x ate University of North Dakota, in Latitude, 47° ‘55’ N. and Longitude, 97° 04'Y. 


Pe. The gauge was a floating metal tank, 3 ft. ‘square and 18 in. deep, held j ina 


~4 raft so as to be protected ‘splashing. It was placed ina “narrow pool, 
ia 


. ~ several acres in area, and 4 to 8 ft. deep, formed by a low dam on a smal x 
stream running through the level prairie of the University Campus. The 4 
water level is 820 ft. above sea level, and is about 10 ft. below the prairie led & 
ata distance of 5, 10, or 20 rods from the stream. The, water is at approx: i. 
<= sh , _ mately the : same level and the same temperature within the tank and outside it af 
ss ‘The exposure to wind i is about the same as on any ordinary small pond or a 
7 pool, although less than on a large lake; but, on the other hand, the lower layer ss 
a of air has not become humidified as it would be by passing ov over a large’ lake. 4 
This record, therefore, is presumably a reasonably accurate basis for predit 
ing reservoir or lake evaporation in this region. 


TABLE oF -Recorps | OF Evaporation Gauce AT 
ORTH ‘Daxora, 1905 To 1920. i 


Fahrenheit. minches. in inches. 


8 
4 
8 
2 
1 


tank is refilled daily y toa a the loss by evaporation 
being accurately Standard rain gauges of the U. Ss. eather 
Bureau are within a few rods and, at the close of any day of rain, t the differ 
a pans between the recorded rainfall and the ‘surplus. to be removed from the 


ink to lower the water to the gauge ak is considered as the a 
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more than one-and one-half times the total ‘normal annual 


No authentic continuous records | of. evaporation were secured during | the 
b: al season. The record was begun usually after the ice cleared from the bake 


- gometime in November. - April and November r-cords for most of the years are aa 
therefore, in part mere estimates, but only for that part of the month having By: 
the smallest: evaporation on. ‘There were mid-season interruptions for a few 


7 


days or weeks in one or two years also, but for most of the » months. - 
figures given in Table 44 are the averages for fifteen years. oad: 


: The temperature given is the average of the standard maximum and a 
x ard minimum readings of each day at the adjacent station of the U. S. Weather — 
Bureau, a nd from these the mean temperature for the entire year of 12 months 


by is 38.3° Fahr. The > total evaporation for the 9- month period, April 1 to Novem oes 


estimates the omitted time will be close), i is 28. 90 it in. Winter records 
0 other evaporation gauge stations would justify an estimate of slightly 


> 


& than 3 in. for the four months : not recorded, making. an »n annual total evapora- 
tion of almost, but not quite, $2 in. oft 


‘Tvan Houx,* Am. Soo. C. E. (by letter) —The purpose of ‘present-— 

E ing s this paper was ‘to make the data available for general use e and | to elicit 


x 


ion of the subject, hoping that through such discussion additional data 


of similar nature would be ® presented. Ad The writer feels that the purpose has 4 


Both “Mr. Kleinschmidt ‘and Mr. Lee ask about corrections for viinien 
e tation. Rain gauges were maintained at all stations, and all records in Table f 


is. were corrected for pr precipitation; that is, they represent actual, total evap- 
oration (observed evaporation plus precipitation). The records: would not be. 


of adding water, etc. Naturally, the methods of handling the pans varied — 
swmewhat from project to project. Observers at Class A stations, as a 


Ss eral eral rule, followed the instructions for the installation ‘and operation of such 
stations issued by the U. S. Weather Bureau. These instructions: ‘provide 


oy that the pan shall be filled with water to within n 2 in. of | the top, readings a 


made daily at about 7:00 a. M., local standard time, and additional water added, 
at the time of a regular observation, when the water + surface has dropped 1 See. 


tied, during the first half of April, and continued until permanent ice closure eo “2 


i Thus, the depths of water in the pan would \ vary from 7 to 8 in., and # a 


the frequency of adding water would vary y throughout the year, to 


4: 


U. 8S. Bureau of Denver, Colo. 
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ow At the U. 8. Department of Agriculture maintained on the Bx 

7 —_— Farms by the Irrigation Officials of the Bureau of Public c Roads, 
_ where the 24-in. by 6-ft. circular pans are used, the water surface levelaame 

Kept from 2 to 4 in. below the rims, so that the depths i in the pans vary from: | 


= to 22 in. Apparently, the intention ‘is to keep the water surface at the § 


4 


a to ‘the same depths. At the other stations water surface levels are kept fam 


in. to 6 in. below the rims. Usually it is necessary to maintain lower * 
aa Ee. faces at the floating-pan stations than at the land-pan stations, , to avoid losing — x 7 
water by splashing during windy weather. For instance, at the 
ce Reservoir on the Milk River Project of “Montana, No. 29 in Table 1 te og 
engineer in charge first tried submerging the pan to within about 2 ing) & 


a be the rim, and keeping the water within the pan at the same elevation as the 
a a water outside. However, he soon found that greater free-t board’ was neces- 
sary. Consequently, he “changed the depth of submergence, and the depth 
me of water inside, to 6 in., leaving a free-board of 4 in. This helped materially b 
in reducing sloshing troubles, but t did | not entirely eliminate them. 
ae abrdt The majority of the stations are provided | with stilling wells and accurate 
-gauges. such places: the depths of "evaporation are measured ‘by 
direct” readings of changes in the surface level. However, in a a few cases 
ee) _ the pans are provided with needle- -points, set at fixed levels, and the evaporation — i 4 
Tosses, determined by adding measured quantities of water until the water” 
wa surfaces rise to the fixed levels, low 
Mr. Lee mentions the lack of necessary descriptive data for, some of the 
eae stations in Table 1. At the time Table 1 was : prepared all the available infor 4a 
Pe 9 mation was included. Letters had been written to the Project Superintem 


dents, asking for complete installation details a nd other pertinent date. 
a, However, i in some cases the information could not es furnished owing to > the 
me. stations having been discontinued, , the observers having 1 moved away), the 
records having been 1 misplaced, or some other legitimate reason. Since. ‘that 


_. time some of the missing data have been located and consequently the fok 


as _ At the Spanish Fork Station on the Strawberry Valley Project of Utah 4 — 

(No. 8in Table 1), the evaporation pan was 17 in. deep by 8 ft. 

At the Cold Springs floating-pan station on the Umatilla Project of 
gon, for the years 1909 to 1913, (No. 21 in Table 1), a square pan was located 
the center of 4 raft and was partly submerged. The raft was placed inside 
ee _— a hollow square made of floating timbers, to which it was tied loosely at the % i 
eorners; and the whole arrangement was anchored. (od th 
At the Nelson Reservoir floating-pan station on the Milk River Project 


of Montana (No. 29 of Table 1), , the depth of submergence, and depth 


inside, was 6 in., as noted previously, At this station it was found 


oe advantageous to mount the pan on a square raft with a triangular protuber- Se 
ance, and to hold the raft by cable about 200 ft. long, attached toe 


single anchor, thus allowing the raft to swing around keeping its 


continually a against the wind. pol 
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Fic. 22.—FLoatTinG EVAPORATION PAN AT AVALON RESERVOIR, CARLSBAD PROJECT, 


for Luke tah, ne of the 


Fic. 23.—Lanp. EVAPORATION PAN aT NELSON Reservorr, MILK RIVER PROJECT, 


= 


¢ 
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— 


2 


— 
— 
— 
— 
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niston Experiment Farm the Umatilla Project of Oregon. How- 
ever, since this station is maintained by the Bureau of Public Roads, U. S.. Le ec 
Departmer nt of Agriculture, and since th e pan is its standard 24-in. by 6-ft. a, 


circular type, it is quite Tikely that it is set in the ground 21 in. , in accord- 


with the usual 
_ ‘Rigs. 22, 23, and 24 | show the submergence, mounting, and exposure con-— 
ditions: at some of the stations. “BR was not considered necessary to Kent 
complete ‘mounting details: ‘for all the ‘Class installations, inasmuch as 
he specified mounting for such stations is clearly shown in Circular ng’ 
the the Instrument Division, U. S. Weather Bureau, previously ‘mentioned. 
Table 14, presented by Mr Torpen, gives valuable evaporation and related 
data for Lake Cushman, near Tacoma, Wash. One of the 
unusual { features of the table i is the column of | water temperatures. ‘Iti is inter- 
‘ating to note that during the late summer and fall months ‘the water —_ ‘ 
peratures - ‘reached values considerably higher than the air temperatures—as fie. 
much as. 12° higher in August a and 10° 0° higher is in September. Such data a a =% 
desirable, but unfortunately are 6 seldom | taken except in laboratory work. Mr. aie 
Lee 1 gives ‘some interesting and valuable water temperature ¢ comparisons for ie 
floating and land- pan installations ‘at Lake Almanor, California (Figs. 19, 
20, and 21), | but does not inelude air temperatures. — His assumptions re yr 
ing the temperature data in Table 1, are correct. The data are all air tem tem a 
peratures, based on maximum and minimum readings of instruments he 
in standard U. S. Weather - Bureau thermometer shelters. — Occasional water ate 
temperature ‘readings have been taken at some c of the stations, but the 
records were not comprehensive enough to warrant their inclusion in the 
table; although it may be interesting to note, in connection with Mr. Lee’s 
Fig. 20, that observations at the Lake Tahoe floating-pan station, Newlands — 
Project, showed water temperatures in the pan from a to 4° colder than the ie 
river water early in the morning, and from 1°. to 4° warmer in the evening. | ae 
Fig. 25 shows ‘temperatures of the water curfabe in Marston Lake, about e* 
ten miles from Denver, Colo., , and ‘mean air temperatur res at the U.S. Weather 
Bureau Station in Denver, for the period from April to Sictiedbacethdlidies:. 
1924. - Marston Lake is one of Denver’s impounding reservoirs for its munic- _ 
ipal water supply. It has a a capacity of about 19800 acre-ft., when full , an 
area of about 650 acres, and an average depth of about 30 ft. The water p RAS 
temperatures w were re secured through the courtesy of D. D. Gross, Chief Engi- “a 
neet of the Denver Board of Water Commissioners. Data on the exact times 
of observation | are not at hand, but the temperatures were probably measured 
during the warmer part of the day. It will be noticed from Fig. 25 that the a = “a 
vater surface temperatures follow the air temperatures very closely. Indi- _ é 
vidual readings vary | from about 10° below the air r temperatures: to about 10 og 
above, while the monthly mean temperatures do not differ from the 
air temperatures by n more than 1o1 or degrees. ‘erry 
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October 23, 1926. This station was established in September, 1926, for the 
= Rees  parpaee of measuring evaporation from soil and water surfaces in the ioe, 


= Rio Grande Valley, the data being needed for studies of water su 
able for irrigation. station is equipped with | a Class A evaporation pan, 


ground pan for measuring water surface evaporation, five soil evaporation 


tanks, maximum and minimum ‘thermometers, a rain gauge, and an ar snemom 


q Be eter. The ground pa pan is 4 ft. in diameter, 2 ft. deep, and is set in the ground 
with the rim projecting about 2 in. The depth to ground- water outside the 
aie . pans varied from Lek to 1.7 T ft. « uring the months « of September and October, 


Observations were made at about 5:00 Pp. daily ; consequently, the observed 
= water temperatures approximate the maximum daily values rather than the” orati 
. = mean daily values. Temperatures « of the water in the ground pan were slightly ~The 
ha ee higher than the ground-water temperatures, but lower r than the Class A pan 7 aati 
aka temperatures, as would be expected. Class A pan temperatures wer were neatly aie 
as high as the maximum air temperatures. suite 


a2 | 10 20 30 10 20 31 10 20 30 10 20 20 31 10 20. 


Fra, 3 25. or WATER SURFACE IN MARSTON Near Denver, Bey: 

gilt and} los *t-of asq ed} at wiew 

Re: The necessity for observing water temperatures in connection with evapo edt 

ration measurements depends on the type of station and the purpose ie 

which it is maintained. Class A land-pan stations, as well as at land-pan _ 

ce stations where shallow pans are set in the ground, it is doubtful whether | the iad 

ia mean temperature of the water in the pan varies appreciably from the mean i — 
temperature, at least as far as monthly averages are concerned. 
quently, it is doubtful whether water temperature measurements at euch sta- 
. 3 are necessary, although, of course, the data would furnish interesting i wre 
It is desirable to observe water. temperatures” periodically at 


alll floating-pan stations, timing the observations in such a manner as to obtain 
‘mean daily values. However, the measurement maximum and ai 


= = is installed primarily as an uate. plant, for the purpose { 
ae investigating evaporation laws, it is especially important to obtain accura 
data on both air and Water temperatures, well as on all ot other affecting 


| 
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Mr. Lee furnishes a very interesting g discussion of the effect of specific = a 

j 4 gravity on the rate of evaporation. His Fig. 18 shows conclusively that the ae a 

presence of alkaline salts i in appreciable proportions results in a marked 
in evaporation. The writer does not recall ever having seen this phase 

abe evaporation mentioned, although it is a matter which doubtless should be 

in studying evaporation from alkali. swamp lands such as exist 


_ in many parts of Western United States. Mr. Lee also includes a very inter i: 
eating treatme 
crystal deposits, consumptive use of irrigation plant transpiration, 
soil evaporation accompanying growth of vegetation. These matters are really _ og 
E phases of | evaporation, using this term in its broadest sense; just as 1 the sl 
oration from water surfaces is one phase of the general subject of evaporation. a a 
The U. 8. Bureau of of Reclamation has been collecting data on some of these 3 
for “several years, , particularly on the ‘consumptive use of irrigation 
water; but ‘the infomation has never been ‘correlated i in one report, in shape 


suitable for publication, and consequently cannot be included in this dis- 


act och 


G. 26 COMPARISON OF AIR AND WATER TEMPERATURES AT Loe’ GRIEGOS 
It may be interesting to note that he difference between rainfall and | 
v-off fin some of the agricultural valleys of Eastern United States can be 


, ee as an indication of the consumptive use of water. _ For instance, in 


“4 the Miami Valley above Dayton, Ohio, | an 2 area a including | approximately — 


ea 500 sq. miles, practically all of which is farm land producing paying crops 


‘each year, the average difference between and run- 


year period from 1894 to 1918, amounted 


is 
| 
Brg 
bi — 
— 
— 
* “Rainfall and Run- van E. Houk, M. Am. Soc. C. $$ 
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twenty-five individual values ¥ from 1.54 ft. in 1918 to 3.17 ft. in 1808, 


However, individual values are subject to some uncertainty due to possible 
= in ground-water storage. These figures include soil and “snow 


= eteyetition dering the winter months, which may amount to 8 or 4 in. in 
Tables 21 and 22, and Fig. 11, "presented by Mr. Perry, give evaporation 
and related data for a ground pan maintained by the U. S. Navy Department a3 TA 


Christiansted, von the Virgin Islands. hi The datas given n in Table 21 ame 


i annual evaporation for the five years of record 2%, 

‘1.1% more, than the mean. 44 , presented by Mr. Chandler, gives. 
and temperature data for a floating- ‘pan ‘station: maintained by 
the U. Ss. Geological ‘survey at University, N. Dak., during he years 1 


1920. Differences between the maximum and minimum for indi- a 
vidual months, as shown by the records for different years, vary from 
in for September to 3.87 in. for J une, values corresponding t to 53 and 8%, aoe 
of the mean records for the respective months. 
a 4 Mr. Jarvis mentions the matter of evaporation from. shallow ponds, 2or3 | aan 
in. deep, such as often occurs in irrigated fields following an irrigation, and “et 
‘suggests that under those conditions rates of evaporation may exceed the 3 
cS rates measured at either land or floating pans. ‘The | writer believes this to fe a 
be true. However, he does not recall ever hearing of any evaporation meas- ae 
made under approximating ‘those conditions, ak 


most experiment stations. is to hoped that practical investigationsaf § la 
rae Se this nature will be. made some time, and that they will consider the effect § be 


of plant shade and wind protection in reducing the evaporation rate, as re 


_ as the maximum evaporation rates experienced in open pond, 
Both Mr. Follansbee and ‘Mr. Meeker discuss the matter of converting § 

pan- evaporation records equivalent: reservoir evaporation. They 


: tribute tables of ‘evaporation data, converted to reservoir equivalents on the a. 
Sa of the coefficients determined by Sleight, at Denver, in 1916,* including — ps 
_ their tables records at some stations in Western United States not containd J 

= Table 1. The writer has no criticisms to make regarding Mr. Sleight’s excel 
experimental work. However, in view of the fact that his coefficients 
never been adequately confirmed by independent observations in othr 
oe localities it seemed better to present the original records in Table 1, v8 


a pe 
than converted values es, 80 so that engineers using the data can apply wha 
coefficients they most applicable. Incidently, it might be mentions 4 
a a at = that the v. S. Bureau of Reclamation i is co- operating with the U. S. Buren § 
Roads in measuring the actual evaporation at the East Park Reser 


voir on the Orland ‘Reclamation Project of Northern California, and thet 
floating and land- -pan records are being obtained at the san same time, that 


: Bie: 4 the ratios of reservoir evaporation to pan 1 evaporation can be determined. a 
conclusive results are not available at this time, preliminary met measure 
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to indicate that the ratio of reservoir evaporation to ies dia pan 
evaporation at that particular reservoir is less than 0.66. The geological con- 


i ditions are such that the quantity o of water lost by seepage is believed to om 


TABLE 45.—CoMPaRISON OF EVAPORATION Cozrricients Basep on 


+ 
Lenorna OF REcorD AT THE U. S. Bureau ‘OF Roaps 


99 

v4 id to agivestotai | Records for Records for 


1915-1916.* 1915-1917. 


ox: Ground. tank, 1 ft. in diameter by 8 ft. deep ' ‘ 
Bee Ground tank, 2 ft. in diameter by 3 ft. dee 
Ground tank, 3.81 ft. in diameter by 8 ft. 
.|Ground tank, 6 ft. in diameter by 8 ft. —: 
Land pan, Class A, 4 ft. in diameter oy 10 
Floating pan, 3 ft. square by 1.5 ft. deep i 


Journal of Agricultural Research, Vol. X, No. 5. July 30, 1917. At 


imie & 1 


Ps evaporation work carried on by the U. S. Bureau of Public Roads, at Denver, a — 


during the period from November, 1915, to. 1917, including tabu- 


lated 


records.* Tn order to this point Mr. Sleight furnished the 
4 writer with the data in Table 45 and a asked him to present it in his closing >. Ker 
discussion. It will be "e noticed that the difference i is greatest in the case of the — as 
U. S. Weather Bureau Class A pan; that it is appreciable in the case of 

‘Tanks Nos. 1 and 9 (the ground tank 1 ft. in diameter by 3 ft. deep and the . ae a 


“floating pan 3 ft. square by ft. deep) ; and th®t it is insignificant in 


3. 
4 case of the ground tanks, Nos. 2, 4, and 5 (tanks, 3 ft. deep, having diameters 

f 2, 3.31, and 6 ft., respectively). The data in Table 45 indicate the desir- =: 
“continuing evaporation experiments through ‘number of years 


rather than discontinuing them after records for one year or two years are 


Regarding» the r ratios of ‘groand- -tank evaporation to Class A. pan evapo- 

pation at Jackson Lake and Denver, discussed by Mr. Sleight, “it is likely yi 
that the ground-pan ex evaporati 

at Denver due to a higher ground- level. ©. O. Elder, Assoc. 

“Am. Soe. e. ©. E., who installed the Jackson Lake ground pan and took the 
records during the years 1922 and 1923, states that the pan ou in a — 


- Thedtion about 6 ft. from a small drain channel, in which the water was a 


ty ‘aie Ry “Evaporation from the Surfaces of Water and River-Bed Materials,” by R. B. Sleight, ae 
my . M. Am. Soc. C. E., Journal of Agricultural Research, Vol. X, No. 5, July 30, 1917. ‘ as 
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a in the ground to half its depth, and earth banked around ‘the outside as — 


as the rim. It was filled with the comparatively cold drainage water. Since 


the ground- water was very close to the surface, sometimes at the surfaée, 
Sy it must have had an appreciable cooling effect on the water within the pan 
Somewhat similar conditions exist at the Los Griegos Evaporation Sta ion, 


‘near r Albuquerque, previously 1 mentioned. Ratios of ground- -pan | 
_ to Class A pan evaporation at Los Griegos for the ‘months of September, 


ep October, ‘and November, 1926, were 79. 0, 75. 3, ‘and 73. 2%, respectively, « aver: 


es ae aging 75. 8 per cent. During these ‘months the depth to ground- “water | varied | 
a from about 1 ft. to 2 wi being higher than the bottom of the 1 pan the greater | 

es- 


O'Neil a very interesting account of his ev vaporation iny 


+ tigations at the Lake Newell and Brooks Reservoirs, Alberta, Canada includ- 
ing valuable tables « of evaporation data, ratios of floating to land- pan pora- 


tion, reservoir losses, ete. The ratios of floating to land- -pan evaporation, given 


in ‘Table 31, were ‘determined during the six years from 1919 to 
1924, 


the individual values vary from 1.08 to L 40. This again indicates the du” * 
- ability of continuing evaporation experiments through a number ‘of years. 
Inasmuch as the land pan at Brooks was set in the ground it is not surpris- : 
that the differences between the land-pan ‘and floating- pan evaporation 


_ Should be less than the differences nts at locations where Class A land- pan 


a ‘install ations have been used. However, it is rather surprising ig that the floating 
ao evaporation should be , consistently higher | than the land-pan evaporation 
sito 


_ The writer is inclined to believe that the actual winter losses, given in 


_ Table 30, » may be fully” accounted for, by evaporation. age vary from 0.04 
h a total loss cor 


cember_ 1 to 28, an amount, which | ‘is not at with 
data on evaporgtion from. snow and ice surfaces. By referring 
_ Table 4 it will be seen that the ice evaporation measurements on the ‘Milk 


a Project:i in 1922 and 1923, showed average daily : rates of 0. 013, 0.010, and 


0. 015 in., , respectively, for the 1 months of December, ‘January, and February. — 

SARE 

‘The average temperatures on the Milk River Project during J anuary and 

é eo February were lower than those for corresponding months at Lake Newell, 
Table 33 It might also be mentioned that observations in the 
Miami Valley of £ Southwestern Ohio, during the severe winter of 1917 ond 
<5 - 1918, showed an average rate of snow evaporation | of 0.023 in. per day for the 
¥ period from December 3, 1917, to February 11, 1918." During ‘this peri riod 
the average temperature was 19° Fahr., the mean wind velocity, 11.5 miles 
per hour, and the mean relative 83 per cent. RE. Horton, M. 

. 3 - Soe. O. E., obtained an average rate of snow evaporation of 0.028 in. 


* “Rainfall and Run-Off in the Miami by Ivan E, Houk, Am. 
65. 
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{ 5 day for the nine days from December 26, 1913, to January 4, 1914, at png é 

Y.,* when the mean maximum temperature was 26.6° Fahr, 
ay Table 46 contains an abstract of snow and ice evaporation measurements 
made on the Milk River Project, of Northeastern Montana, since J = 
194. I It i is a continuation of Table 4. Measurements used i in Table, 


aving 


taken through th the summer @ as well as through the 


TABLE 46.- “Ice AND APORATION ‘ON ‘THE River 


> 


in inches — 


in inches 
per day. 


per month. 


} 


tion, in inches. 


Total evapora- 
A 


_ Average rate, 
Equivalent 


Snow and ice, of 


eres 


Sonia ke ice, water around edges at tim 
olid ice with 2 to 8 in. of snow on top 


Solid ice with 1 to 3 in. ofsnowontop. 
Ice with 1 to 3 in. of water around edge. 
Solid ice, bare. 
Solid ice with 1 to 2 in. of snow on top at ——s 
Solid ice with 2 to 4 in. of snow on top at times. _ ah, 
Ice with % in, to2 in, of wateraroundedge. — 
Ice with 1 to 2 in. of water around edge at times 
2 Solid ice ith 4 in. of top. ot 
ce wit! D water aroun ge. 
lee with 1 to 2 fv. of water around edge. 


Project at the time the measurements we were made, advises th: that i in the winter a: 9 
oof 1923 and» 1924, and since about March = 1926, a semi-circular sheet of ee ; 
flume metal was placed around the small pan so as to protect: its sides 


e direct action of the sun n during the greater part of the day. _ The w ; 
surface was kept about 8 in. below the rim during the winter months, so as i 
to reduce freezing and bursting troubles as well as to anew space to catch = a 
snowfall. During the summer months the water surface was kept about 


The data in ‘Table 46 show conelusively that evaporation continues 
appreciable ‘rates during t the winter r months, even when the temperatures are 
below zero. ‘Daily rates vary from about 0 1.010 to about 0.093 in. » for t the 


periods included. While the values are ‘somewhat erratic, as a 
higher rates correspond to the higher temperatures, 


0. 
1 
0. 
0. 
1. 
1. 
2 


3 _,.* “Evaporation from Snow and Errors of Rain Gage When Used to Catch Snowfall,” 


Horton. M, Am. Soc. C. B. 1914, p. 
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| 
Feb, 14-26.) — 
Jon, 1-17.) 0.127 | 0.010 we 
| on | sr — 
6 | O11 | 0.018 57 .—l 
Mar. 9 0. 0.082 00 
«Mar, 18-22.; | 0.21 | 0.048 
“Nov, 2-30.) 9 0.67 | 0.074 
Jan. 10-17., 8 | 0.72 | 0.090 
§ Jan. 1881.) 14 | 0.52 
Feb | 0.15 | 0.017 — 
Mar. 7-14. 8 | 0.81 | 0.089 
ie 
4 
1 
| 
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compares the the pan at t Malta 
wi that measured in a Class A. pan mounted near-by. The interesting point oo ooh 
rout out by Table 47 is the effect of shading the sides of the small pan, _ % a 
Dating the months of August and § September, 1924 and 1925, when the | sides lab 
of the small pan n were not shaded, the ratios of Class A pan “evaporation to 
pan evaporation, varied from 53.3 to 64. 5%, averaging 59.8 per cent) 
or ‘During the summer of of 1926, when the ‘small p pan was shaded, the correspond: 

ratios varied from 79.4 to 92. 5%, averaging 85.3 per 


TABLE 47.—Ratios OF A Pan EvaPoraTIon TO 


EVAPORATION AT Maura, Montana, 1924 70 1926. 
vost of 

id 


Ratio: 


4 8.81 | 88 
Bin 8.48 | 88.9 


lakes asa basis for their discussions. Harding data” 


‘ie for Tulare Lake, Buena Vista Lake, and Lake Elsinore; while Mr. Lippincott 


submits data for these three and several adc additional | reservoirs, ‘summarizing 
in Table 43. In some recent correspondence with Professor Hard-_ 


ing the writer was advised that the evaporation data in T ables: 23, 95 ail 
have been corrected for precipitation, that no appreciable quantity of 


4 a aquatic growth 1 was present in any of the three lakes, and that ‘the land pan a 
<q at Buena Vista ‘Lake 1 was set in the ground to within 3 in. of the rim, t the 
Bs surface in the pan being kept 3 in. below the to op. The slight differences a) 
in evaporation data for Tulare Lake, as given in Tables 23 and 36, are prob- — : 
ably y due ‘to slightly different methods in working up the basic dita" For 


ie instance, one man may haye used some records which ‘the other had dig? 
Parshall contributes’ an interesting account of the comprehensive | 


Ee 


; f 


eviporation measurements carried on by the Bureau of Public Roads, U. 8. 


_ Department of Agriculture, at 3 its laboratory in Fort Collins, , Colo. ‘Appar 
ently, the measurements made with unusual care and accuracy. 
ingeniously devised optical evaporimeter it is especially worthy of mention. ivan 


ey A rather hasty study of Figs. 16 and 17 ‘seems to disclose an unusual — 
confirmation of the Dalton both | cases the observed evaporation 
‘is seen to vary directly with the quantity, E,), which represents the 
difference between the vapor pressure corresponding to the ER of the ae 


2 


HOUK ON EVAPORATION ON RECLAMATION PROJECTS 
— 
— 
‘dif 
— 
— 
— 
— 
By 
fo 


‘ON RE OLAMATION PROJECTS — 
surface <siliince actual vapor pressure in the air immediately above. a 
Persball calls attention to. this i in his statement tl that, boxe 


“During this period the temperatures of air and water were decreasing, | “a 
—— also the rate of evaporation, which is contrary to the findings inside -~.. 
_Jaboratory under still air conditions ; however, in both cases the rate of e. 

is directly proportional to the difference in vapor 


Mr Parshall gives two formulas for computing evaporation; one for vol 


the ‘measurements recorded in Fig. were It is 
te both equations are. ‘tentative since he states that “inasmuch as the 
8 tudy of this subject has not been fully developed, certain minor alterations 


r combinations may later permit closer agreement with the observed rate of 


or 
loss, 
ev: 


wi 


“ty, — T,), the of the air 1 in. above the surface 
minus the temperature of the water surface, i is introduced. 
‘There i is a certain theoretical basis for the variation of evaporation with 
the quantity, — « - aside from the observational basis shown by Figs. 


16 and 17. The introduction of a wind factor of some kind to take care of the eis a 


wind effect is logical. However, the writer would ld be inclined to question 
the introduction of the function of —T even for purely local labo- 
ratory conditions. It would seem that the effect of the difference in temper- 
2 ature of the e air and w water could be taken care of by some function of the ee 
difference | in vapor pressures, since the latter quantity is dependent on the 
air air and water | temperatures and the relative humidity. Moreover, it 
; hardly seem probable that the law of e evaporation inside the laboratory differ te 
from that outside. It would seem more logical to have one formula for both 
conditions, and to ‘obtain the evaporation rate for still air by the simple 
4 expedient of making the wind factor equal zero. If this is done i in the second — ine 
a formula the equation becomes E= 0.44 (F,—E,), while if T, is — 3 


‘eal to 7’, the first formula becomes EF = 0.166 (E,—E,). Values of evapora- 
- tion computed by the latter equation would be only about 38% as large as es 
= - those computed by the former, for the same meteorological conditions. — _How- 


ever, the matter is only of academic interest to engineers, inasmuch ps their 


Pail In the second formula the wind correction factor, (0.44 + 0.118 W), 
a straight- line function of the wind velocity. In other words, its value i increases 


Plas regardless of the amount of the wind. While such a correction ola 4 
q be satisfactory for the range in wind velocity of from 0 to 12 miles per hour cee —_ 


» Maberienced at Fort Collins, the 1 writer would not expect it to hold for indefi- 


2 


| — 
— 
x 
e qu - — 
antity, E,), that in the second case a 
<4 
| 
Bes: 
i= 
q 


nite increases in As far as a general evaporation con 


oa & cerned he would be inclined to favor some wind correction term along the Vines 
> 


Practising engineers must depend on experimental laboratory 


a “governing e evaporation n phenomena. What need most at the 
time, as regards evaporation, is a general formula in which they can ‘insert 
mean values of temperature, wind velocity, and relative humidity, observed at 


§. Weather Bureau stations, and calculate reliable values of reservoir 

evaporation for exposed areas of different sizes. = = ||. 
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HELICALLY REINFORCED CONCRETE COLUMNS* 
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u Discussion BY Messrs, Missac THompson, C. L. Eppy, 


Jom," Tuc CKER, Ir, Jaco: FELD, A. W. Zesicer AND 


ai 


paper is to > analyze the einf 


the available tests on “helically are 


paratively limited in number and have been made under such widely aifferent’— 
Fa 


conditions (as regards values of. —, quality of materials, age of concrete, etc.) 


re render their co- --ordination extremely difficult, ne no claim is made 


whiten’ further 


a result of careful study of the available data, the writers believe, however, ae 
that the method of analysis | proposed is | substantially « correct and that the fol- an 


des) Plain concrete columns, of lengths up to at least 80 —., fail in shear ae 
le Published in January, 1926, Proceedings. The word, helical, is used instead of the iy , 


fy commonly employed term, spiral, because a spiral lies in one plane only and is, therefore, not rer. 
the proper word to ae in poet ag the system of reinforcement which will be discussed ae aa 


research: ‘Would be highly than we the final word on Be subject. 
4 


«this paper. 
| Engr. in ‘chs. Design, ‘Cleveland Metropolitan Park Board, Cleveland, Ohio 


ot Asst. Engr., The Grasselli Chemical Co., aT 
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a — 
- 
me 
3 The object on 
§ the concrete core of a helically reinforced concrete Column, and to develop 
2 formulas for the stresses which obtain in the steel and concrete with varying __ - : 
“a 
J 
| 


= 80 HELICALLY REINFORCED CONCRETE COLUMNS 


| ee (2) Before a plain concrete » column can fail in shear, the imposed load ‘must | ; 
i be sufficient to overcome the shearing resistance of the concrete and the frie 
= eos tional resistance of the material along the impending plane of rupture 
(3) The frictional re resistance of the material is: a ‘more i mportant factor 


@) Helical ‘reinforcement i is effective in in resisting a shearing failure of the 


oe 


(6) ‘Three types of failure n may be observed i in helically reinforced d concrete 
columns, tested to destruction, the type ‘of failure depending on on the amount of 


a2 a.—W hen only a small amount of reinforcement is ae (up to about 
Saear 1%) failure of the column is due to the shearing resistance of the 
a ee concrete and the frictional resistance of the material, to incipien 


motion along the impending plane of rupture, being exceeded. a 


fail, even after the concrete has crushed, until the reinforce: 
- ment is stressed considerably beyond its elastic limit and nd posits 


in some cases, almost to its ‘ultim ate strength. 
Even if the concrete shell outside the reinforcement, ina helically 


column, cracks and spalls off under a load little greater than. 


to allow a of safety and correspondingly 4 


stresses in helically reinforced columns. tn, 


ms oi (8) A rational a1 analysis of the « stresses i in the steel and concrete of a a helically — 


concrete column i is possible, contrary to the. opinion of 


neers, and the resulting equations are very simple. Yo 


oa rf (9) There i is need of further research work on helically reinforced concrete, 


AS Although this paper is primarily with the analysis of helically 
einforced concrete columns, a: an analysis of plain | concrete columns is essential 


the unreinforced column with the object of ascertaining { the 


ie, Si ~ columns in order to evaluate more accurately the constants in n the ‘rational, 4 


an understanding of reinforced columns. It seems necessary, therefore, te: % 


‘relations existing ‘therein, between stress and imposed load, and then 


ure 


ES 

forcemen 
columns 
‘el 
a shearing failure of the concrete. 

necessit 
— 
— it 
hls an 
b—W may fai 
1.6%) failure of the column is no longer due to shear, but to failure 
— 
— results 
columns 
5 in a lars 
failed 
— ailed i 
photogr 
proport 
a ee, sions and quality of concrete, the reinforcement tends to neutralize the effects § posed o 
= f | of local imperfections in the concrete, thus increasing the reliability of the § «riterio 
Furthermore, unlike the plain concrete column which usually fails forced 
= ee suddenly, warning of impending failure is given in the reinforced column by § good p 
is due 
— 
failure 
tional 
— failure 
materi: 
plan 
actual 
‘ional 
Tn 
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HELICALLY REINFORCED CONCRETE coLuM 


determine waerein thew relations are modified by the introduction of rein- 9 c, 


Authorities seem agreed that, for values of — up..to about 90,,comprate:, 


columns may be assumed to in which the effect of latera 


need not be considered. Furthermore, columns having a ratio of — in J 
excess of 80 are seldom used in practice. It will be assumed, therefore, in the — aed ¥ 
following discussion, that the columns are sufficiently short to ) preclude es ps 


ae 


f conarete is of the 
that it explains the phenomena observed in tests, and it is essential to the @ 
development of a rational theory that the manner in which the column actually ne 
fails under load be determined. Upon this point there is a reported disagree- i: 
ment in tests, and it has been commonly accepted that plain concrete columns — 
may fail either i in shear or by a gradual c1 crushing of the material—the type pe of ne 
failure depending on the quality of the concrete. 
ih the writers’ opinion, ‘there is a greater disagreement in the reported 


results than in actual tests. ‘The majority of available tests of plain concrete is. 
columns disclose an unmistakable shearing failure, and it is probable that, 


ina large proportion of the columns where failure has been ascribed to crushing 3 
of the concrete, a more careful diagnosis would have shown that the column 
failed in shear, a contention which is } substantiated in in many instances _— 
photographs of the test “specimens taken after failure. Moreover, a a large 
proportion of the so-called crushing failures have occurred in columns com- 
posed of concretes too lean for actu al construction work, and are not a fair 
criterion. It seems reasonable, therefore, to assume that the average unrein- 
forced concrete column, constructed of a grade of concrete ordinarily used in 

good practice, will fail in n shear, a crushing failure being an exception _— 
is due to some pronounced defect in materials or workmanship, = 8 8 ~ 
The resistance which an unreinforced concrete column offers to a shearing 
failure consists of : (1) the shearing strength of the concrete; and (2) the fric- a 
tional resistance of the material along the impending plane of ‘rupture. 
failure of the column was resisted solely by the she a 
‘material “the plane of rupture would make an angle of 45° with the _— 
wntal, as the shearing component of the imposed load is a maximum along 
a plane having this inclination. Tests, however, show ‘conclusively that ie 
‘setual plane of rupture is inclined considerably more than (45° with the — i 
horizontal and the difference in inclination can only be ascribed to the fries o 
tional resistance of the material. ot) “3h Jo sad 

th Until recently, writers, even Rankine, have accepted the erroneous 

of Coulomb wherein - friction is neglected and the plane of rupture is assumed 

to make an angle of werslbaieg the horizontal, despite the fact that Navier has 


Although 


s ss 
x 
4 
x 
q 
| 
— 
| 
— 
wal 
itm 
be 
7 
— 
ia 
— 


ee e reason they usually fail to give it proper consideration, as is evidenced by, the “4 
frequent | discussions regarding the cube versus the as Proper 


(having a height of to 3 diameters) is due 2 to ‘effect of 

= friction, a ‘conclusion that may be inferred from a careful study of curses! 

: ae literature, pertinent to the subject, which 1 has not been clearly and concisely. 
stated. If the true significance | of frictional resistance in the concrete ® wal 
4 properly appreciated the fallacy of considering the cube as a criterion of the 
compressive strength of a column in would be so self-evident as to be almost 
axiomatic and there be no need of any discussion. 


A a 


show conclusively that the compressive strength developed by a 
, ae enol that of a cylinder (having a height of 2 to 3 diameters), and that the 
2 ck Pe. - results of cylinder tests agree reasonably close with those on actual columns of 
ie: api the san same concrete, which is just what theory leads one to expect. Manifestly, the: 
steepest plane of rupture, which can intersect the entire cross-section of # 
cube, has an inclination of 45° with the horizontal. Inasmuch as the pile 
of rupture concomitant with a shearing failure has a much steeper incline 
. tion, it is obviously impossible for a cube to fail in pure shear, and it is com 
48 strained. , therefore, to fail in combined shear and crushing. ‘However, “ 
having a insight of of 2 to 3 diameters the entire cross- section can 
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HELICALLY REINFORCED CONCRETE ‘coLuMNS 


tersect ed by | a plane of rupture, having the inclination requisite | to a a true 


hearing failure, and ‘the cylinder, therefore, will fail in shear alone. In other 
wo words, the difference i in the mode of failure of cubes and cylinders and the dis- | 

epancy in ‘co ‘compressive. strength conseque ent thereon is due 1 to th "additional 
siafinition of the plane of rupture, concomitant with a true shearing failure, es 
“which is introduced by the frictional resistance of the concrete. 


‘Knowing the manner in which a plain 1 concrete column fails, w under imposed } 
“bad, and the factors which tend to resist this failure, it becomes a simple | a3 e 


“matter to deduce formulas for the stress in the concrete and the inclination of ae 


the cross-sectional area of the in ‘square inches 


= the stress in the concrete, in 
7 


the unit shearing stress in the Soindaant in pounds per square 


 @ = the angle which the plane « of rupture 2 makes with a normal to » the e = 


yes 


woe nad ing 
The component ‘el P, which, tends toed cause ‘sliding plane ofrup- 


re, is P sin a. This tendency to slide is resisted by f, Aseca+ P cos a tan le 
in which, tan the coefficient of friction. - Hence, for 
* 


= fy A seca + Pos atan ¢..... 
= (sin a cos a — cos* tan 
of the column will manifestl occur along t that on which 


re 


wah th fan | 45° 


The term. friction angle, is used for lack of a better one. Strictly pa ¢ is an soni such — aa 
its tangent is to the coefficient of the in concrete. 


e.£ 

| 

| 

— 

— 

4 

— 

4 

J From Equation (3) it is seen that the angle of rupture is 45° plus one-half Boo 


“HELICALLY REINFORCED CONCRETE COLUMNS 

When the eccentricity of the imposed load is considerable, due either 

_ the load not being applied along the axis of the column or to the ‘non-homo 
me be. geneity of the concrete, ‘the maximum compressive stress on the e extreme fiber 
i may greatly exceed the unit compressive stress which, if uniformly distriby uted, 
. would cause the ‘column to shear across its entire section. Failure of th 
column would then be ‘due to the progressive crushing or shearing 0} of f the 
extreme fibers. However, a shearing failure the: extreme e fiber con not 
a take | place : until a section in the shape of a wedge i is s sheared. out, and this $ can 
not occur until the compressive stress on the extreme fiber becomes gr great 


oe. enough to overcome the shearing strength of the ¢ conerete and the frictional 


_ resistance on the two faces of the wedge. ite The pete 
ene The angle of rupture, which is concomitant with the foregoing ty 

failure, may be determined as follows: 


Moai 


bile ‘sous 


| 


a 
ales fe = the maximum unit compressive stress on the extreme fiber, it 
Pe “ay = the unit shearing stress in re concrete, in pound 8 ~~ 


: “Prep a= = the angle which the two planes of rupture make with a smd 


= the friction. angle le of the concrete. 


id 
— 
> 
3 4 tan ¢ 
— 
— 
— 
dows, 
— — 
— 
— 3 
— ay 
doidwiy onald tad? 2 
he 
: 
&§ 
— stee 
for 


ofthe component of f.. which tends to cause sliding along the two planes « 
_ qupture, is f, sin a. This tendency to slide is resisted by f, sec a + 2 f, cos -* 


olt a sec + 2 f, cos a tan 


eS 


"Substituting cot 2. a for — 2 tan $ in tins 


ine 


Or, aft to oft a n dite olgas 


The relation ‘the unit compressive stress which. will a 


shearing failure across: the entire section of the column and that which will 


shear out a wedge i in a the extreme fiber may be determin ned, for any given value © ibe 4 


7 


val 


value 


compressive stress which will ca cause failure by the 


LA 


Pp Having considered the plain conerete column, the analysia 
toe lage of the helically ‘reinforced column may now be undertaken in 
order to ascertain w erein the relations between stress an = 
der to rtain wh the relat bet t 


imposed load which obtain in the unreinforeed column sre 
_ modified by the lateral restraint which is introduced by 
helical reinforcement. Helically reinforced concrete columns 
H_without longitudinal steel. will be considered first, and the 


effect of longitudinal reinforcement will be discussed subse 


be IT. Retnrorcep Couumns 


Tests indicate that helically reinforced concrete 


Wag 


fail in any one of three ways, the ‘type of failure depend 


and the column fails “ae 


4 

| 
| 
: 
> 
— 
— — 
— — 
| — 
— 
 & — 
1%, the column will fail in shear the same asa plain conerete column. With 
q steel in excess of 1% and up to about 1.6%, | 4 mE? 
cem i i : 
forcement is sufficient to preclude a shearin ‘ 


‘ 
HELICALLY REINFORCED CONCRETE COLUMNS 
through of the concrete. With reinforcement in excess of @ 
i 6%, the column will not fail, even after the compete has crushed, until the - 
helical reinforcement been stressed considerably beyond its elastic: lini, 


+ causing undue elongation or rupture and thereby pean the crushed con- 

‘The analysis of ‘the helically reinforced longi. 


Referring to Fig. 3, let, ye. 


= the horizontal thrust, in poun nds, supplied by the he elical rein- 


iv = the unit vertical pressure 1 in the concrete, due to P. — 
fh, h= = the unit horizontal pressure in the ‘concrete, due to H. a = 
05 = the unit tangential component of v along a plane making an ; 


angle, a, with a plane normal 1 to the axis of the column. . i 

the unit normal component of v on the plane m mentioned. = - 

= the unit tangential component of h along the plane mentioned, ; 


a 8. Seng ae the unit normal component of of h on the plane mention ed. “ak 

= the unit shearing stress: in the concrete along the plane 


= the angle which rupture (for a failure) 


friction angle of the concrete. + 
is om, D= = the diameter of the helix, in inches. 


ote 


the unit vertical deformation, in inches, of the column rnd 


= the modulus of elasticity of oi 


E, = the of elasticity of concrete. 


i ‘ 
ratio of helical 


* 


sin? 


Whe tendency to slide. on the plane of rupture is wat ‘The resistam 

sliding is fet Un tan hn tan Henee, for equilibrium, 

od hi = fe + (on + fin) tan $-- 11) 


— 


or, 
Se 
4 
— 
— 
— 
— 
— 
— 
— 
— 
— typer 
— 
— hes, of the steel composing t 
— 
— fail 
— 
— 
— 
irenoexple © 
— 
OR 
a 
— 


= — hy — 

sin — hsint tan 4 wer 


Failure of the column,’ through shearing, will « occur ir along that plan . i 
“which f, is a maximum; therefore, at failure, 0; whence, bem uated 

(18) it is seen that, a the 


of the plane of rupture in a helically reinforced ¢ column, like ti that of a wi 
concrete column, is 45° plus one-half the friction angle. pate 


hh the analysis of the plain concrete column it was found, as sagen 
Equation (4), that the unit shearing stress is: 


unit pa aes? in a helically reinforced column ‘is: 
fs =o — a cos a — cos* sin? @ tan 


hy sin cos a — v cos* a tan 


dation — 


stress that will cause a shearing failure a 


column, may readily be determined from cylinder tests of the same e grade 
ds concrete and the ¢ concomitant value of f, calculated by Equation (4). 

ss in the coner rete ‘becomes equal to its shearing 
which i is constant for any given concrete whether used in 


or reinforced co columns. Consequently, having determined the unit compres- 


stress concomitant with shearibg. failure in a plain concrete column, 


it becomes a a simple matter to” determine the corresponding unit. compressive 


a helically, column, by the _Telation andv 4 
expressed in Equation (14). In a similar manner, the unit compres: ; 


concomitant with any given: n shearing stress in | the reinforced 


stress in a plain conerete, column : 


all 
4 
4 
— — 
— 
4 — 
A 
; or, letting 
__ produce the same unit shearing stress in a plain concrete column; basi ae. Me 
given unit shearing 
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uation (15) can be solved for v, it is hin 
‘ee ier ‘terms of v. _ This may be accomplished by means of the _—— which exist 
between the vertical and lateral deformations, and between the lateral defor 
: mation and the stress in the baie, . It is shown in treatise on 8 
= 


(aI 


EF 


1 


In terms of the stress which it causes in the helix: 

(Qae, E,.) = = pe, E,. 


SU 


eee Substituting the value of h from Equation (20) aa the value of a from 
Equation (13), i in Equation (15), and solving for v v: 


When f.. represents the unit vertical compressive stress required to i 


duce a shearing failure in a plain concrete column, the corresponding str he 
or a helically reinforced column, is . represented by v in Equation (21). From 
quation (21), it can readily be seen that v exceeds f¢’ thus indicating the 
value of helical reinforcement in resisting a shearing failure. As the per 
canthge of reinforcement increases, the denominator of the right- hand ill 
Equation (21) decreases, with a corresponding increase in the value of 
HG If the reinforcement i is ‘sufficient, v will become equal to the crushing cag 


_ of the eoncrete, in which cage the column will no longer fail i in shear, but by 


equals the « compressive stress in plain concrete and equals the cor 


Fesponding d deformation, (16) becomes : od 
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the column, the vertical unit compressive stress, required to cause failure of ay 
column by crushing, may be determined by’ Equation (23), 


te, the resistance to tangential ‘movement or sliding is by 
_ Equation (12), in which f, is now the resistance to sliding along the assumed — 


plane of rupture. As. failure will” occur along that on which f, is 


bes 


e= — 45° 
When the resistance to sliding i is overcome Equation equal 
to zero ; whence, ifa 44, re 


_ In terms of the otress i in a the helix, | however: 


As long as | of v, _ determined (23), is less th 
value ary determined from. Equation (27), when f, represents the stress ; 
“the steel as it reaches its yield point, failure of Le column will, not sight es 
en if the concrete within the helix is | ae 


It, in Equation tan? tan? is substituted for tan 


to shear out a wedge under eccentric load. 

_ When longitudinal steel helical 
ment, Equation (21) 
(48° + 


i) 
mini 
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iia 
— 
i — 
— 
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: ‘The 2 dilerece, however, in the results obtained with Equation (29) and wit 


Equation (28) is ‘small, and Equation | (28) is much simpler and suficies 


Also, when Jon, gitudinal steel is used i with helical reinforee. 


Due to ‘slipping, or some unknown cause, the longitudinal ‘steel not 
develop as much stress as is indicated by n at failure and, a | 


rect 


its 
v, n 


_ Equation (28) and Equation (30), respectively, may be equal for a certain 


value of ei regardless of the value of Pp. Tests (see graph of tests on heli 

concrete columns (Fig. 4) by Professor Wrentmore 

discussed) indicate that curves, having as their equations, Equation (28) and 
Equation (30), respectively, equals about | 0. 0.01. | In other words, 
ee when p’ equals about 0.01, ‘a helically reinforced concrete column nm will not 

in shear before the concrete core has crushed. 


rom actual | tests,* it appears that wher =1 490, n= and m 


eye Until these relations are determined it seems advisable to use values for , ‘ 


aforesaid factors which obtain: in the a average concrete. Assuming as s prob 3 


able values, n = 27, m = 2.5, = 20, and ¢@ = 50°, substituting these values 
in Equation (28) and _Tespectively, and yellowing 


0.388 +19 P) 


between 21 and 44, but nearer 21 than 44; ‘iad m lies 


graph tests (Fig. 4) conducted by Professor Wrentmore. These tests are 
ca reported in Transactions, Am. Soc. C. B., Vol. LXXVIII (1915), p. 97. ia 


_- ¢ The factor of safety is about 4 in Equation (28a), and about 4.5 in Equation (30a), 
greater value being used ts because of the difficulty of determining the 
orrect V value of Ve. 
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25, which is low, ond. to this, ha of n is 
gs which i is undoubtedly less than the probable value. As previously stated, 
there appears to be a tendency for the longitudinal steel to slip, the — 
of slip not remaining constant, and ‘the value of n’ is, therefore, indefinite. va Ras, ; 
ee of tests, however, indicates that n’ lies somewhere between 15 and 27. om he | 


f 


A value of 20 is chosen because, first, 20 is a convenient figure, and, second, 
ase i in Equations (28a) and (30a) gives results” which closely agree with» 
- the most modern | practice. As regards the value of $, tests | indicate that, for 
- percentages. of reinforcement up toa percentage sufficient to preclude a shearing 
failure ¢ of the concrete, 50° is a reasonable le value. For higher percentages of rein- 

_ forcement, ¢ appears to be about AB degrees. The only reason the writers cap 

¢ at present for _the apparent decrease in the value (of for higher 
peroentages « of ‘reinforcement, i is that before the bond. of the cemen mt is broken 
- the coarser particles of the aggregate dovetail into to each other and are stronger Ee 
in si shear than the bonding cement, After the bond is broken, these particles — 
have a ‘tendency to. roll upon ‘each. other, thereby, diminishing, frictional 


an Although the va values o of n, m, n’, and ¢ just given are 0 only ' approximate, they 
q are. about as accurate as as the available data will permit and, when substituted Fe ee 

ih Equations (8) and (80), the Tesulting values of v agree | with actual tests as EG 5 


closely as may be expected ¥ when the great variation of these tests is taken into 

Sa consideration. sh should be clearly understood that the values of the aforesaid 
ae - constants, which are used in obtaining the working Equations (28a) and (30a), 
are those that obtain at failure and the desired factor of safety is secured by. cif 


’ 4 using th the proper coefficient of fd. . Inasmuch as the values of n; m, and n’ vary a 


considerably as ‘the stress in the concrete changes and 4 are materially. different 
Pp failure of the column than under working loads, the fallacy of attempting to 
aes a given factor of safety in a working formula by using therein the values - . 4 


4 of the aforesaid constants, which presumably obtain under working loads, — 
hould be self-evident. 1 This point c: can not be stressed ‘too sagen in view of pas 


ment are seldom if ever used, no attempt has. been made to derive working : 


ag equations for. Equations (21) and (98).* As Equation. (27) obtains only when | 
‘ - the concrete core is crushed. and is, ‘therefore, only of academic interest and es 


useless, from the standpoint of design, a working equation of Equation (27) 
he A brief summary of various tests on : concrete columns (principally helically bs 
. reinforced concrete columns) i is given in Table 1, wherein, for the sake of con-— 
“% -Yenience it in reference, the various columns are designated as Nos. (1) to (20), — 
inclusive. Although the lengths o of the test columns differed considerably 


have not been noted in the table, it should be understood that no column had © cs 


* Equations (28a) (30a) become weeking 
respectively, when p=o 


3 
= 
7 

3 
: 

: 
; 
— 
— 
r Equations ( 21) and 


no doubt, to some fies efect. Tt is understood that the li 2 
past decreases as p’ increases and theoretically becomes zero when | vp in soa i 


‘7s large to preclude a shearing failure. Of course, even when p f= 0.01 (the i. cont 


limit of shearing fail ailure), the column “curve (for a _erushing failure i in the 


extreme is almost horizontal for a considerable value of and fo 

 practicdl purposes t limiting value of ~ would still be'e considerably greater 

‘zero. As an aid to the ‘understanding of the data. presented in Table 1, The 

the following explanatory notes may be of value: extrapc 
The data given under Columns” (1), (2), (3), (4), (5), (6), (7), (8), (9), gen 


es 8); , and (19), was furnished by the person, or persons, , conducting the ‘lke. = eform 
ultimate strength | of the column, as given under Column (10 


ee: In other words, it would represent ‘the ultimate | strength of the ff eau 
= if the latter were perfectly homogeneous and each square inch of is obtain 
tovfers retard tay on gis 4 “ult si, £5 
he average ‘cylinder test, given under (11), is the ultimate values 


a se a strength ¢ of the test specimen as determined by taking th the average of all ae. 
= < art 
Br der tests of a par icular mixture of concrete in | any given series of tests. Iti is 


doubt, unnecessary to state that, in all probability, concrete of given 
ey ieee portions in ‘any one set of experiments will not be exactly the same as that 3 


of identical proportions in some other set of experiments 


= difficult to determine, even Where | reinforcement 
<s 3 > was used, it was necessary first to determine ‘(or assume) the stress in ‘the 


He ote longitudinal steel. a Having ‘determined (or assumed) this stress, it was then 


sige multiplied by the cross-sectional area of steel in order to obtain the total load | 
Z _eartied by the longitudinal reinforcement. This load was then subtracted from 
Re the total load on the column and the remainder divided by the net “erate 
geetional area of the concrete in order to obtain the unit stress in concrete, 
Pa The stress in the longitudinal steel, given under Column (13), was likewise 
Tather ‘diffieult to determine. In series of tests (such as” those by 
Withey), which the amount of longitudinal steel varied while other condi- 
4 tions remained ec constant, the results w were plotted on cross- section paper and 
straight line passed through them in order to determine the’ increment of stress: 
‘ Ny 8 taken by the steel. In other cases, where the deformation was so great as de 
3g : ee ceed considerably the elastic limit of the steel, some ‘constant value a little 
Yoel = in excess of the elastic limit, which best seemed to fit conditions, was assumed 


as the ‘stress in the steel. In still other cases, _where the elastic limit of thy 


ane 


steel was not “exceeded, the stress in the steel was determined by 1 multipk 
- the observed unit deformation by the modulus of elasticity of the steel. In 
instances, where the ‘deformation was not ‘given, ‘the stress in ‘the 


columns, th 
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(2% ghich bd siredi 
of given under Column (14), were obtained from Equation 
—(@%) by using 45° ’ as the value of ¢ and the results given under Column (12) 


the values of The tests conducted by. Messrs. W rentmore, Brodie and 


- Carey, and noted in Table 1, |, indicate that 45° is the most probable value Fas d- 


The values of nf,, given under Column (15), were computed by the formula, > 
fe fe {1+ (n— 1) pj, in whieh, f is given under Column (10), fois esiven under 
Column (11), and n is the unknown quantity. - When lateral reinforcement is 


used, the formula just does not obtain and n can not be com- 


The values of n at failure, chown m under C Column (16), were obtained | by 
"extrapolation from the 0 ‘ob 


served values of the | tests whenever ‘such data were 
given. No doubt these values are generally Tai than the real ones as = 


deformations become proportionately m much greater at failure. 


. Having given the values of n, , tha values of m, given under Column (17), 
= then computed by Equation (21) wherein all the other quantities were 


assumed to be known. As may readily be seen, some values are lens s than those Ps: 


isined by the ssrumption of constant volumes. However, the volume of 


under compression always decreases; in such cases the computed 
values of m are, therefore, too small and either n, ¢, or the o stungth of the 
conerete are greater than the assumed values. 


study of Table 1 will il readily i indicate the difteuty of “attempting to 


 aityi in the mixture of concrete used and the age | of the test specimens, there er, 
are only a few series of tests in which, with a a constant mixture of conerete 
and age of test specimen, there is a sufficient variation, it in the percentage of ¥ 
helical. reinforcement. to indicate clearly what value of s the limit between 
Equation (21) and Equation (23), and what value of is. e limit 
tween Equation (23) and E Equation (27) . Inasmuch as v, ean only be deter- so 
mined when the exact. intersection of curves, having as their equations, 
uation (28) and Equation (27), respectively, is known, it can readily 
seen how uncertain the value of : Ve may be. The manner in which the helix oe 
a influences the strength of the concrete may readily be een, but the exact degree ; 

influence is unknown the exact | values of m, n, b Vey to be used for 
; - the various concretes, are not known. _ Among the most insttuctive of the tests 3 
far reported are those which were conducted by Professor Wrentmore,* 1 

graph of which is shown in Fig.4. 

grap ot w g. 603 
aE oe Fig. 4, the unit) vertical pressures, sustained by the test columns at 
failure, were plotted as ordinates and the corresponding percentages of helical 
reinforcement as abscissas and curves, _ determined by Equations (21), (23), 
were then passed through the points thus: obtained. For helical 
reinforcement u up to about 1%, curves having as their | equation, Equation (21), 
which is bredicated upon a shearing failure of the column, seem to agree ba 
“; fairly well with the plotted tests. For reinforcement in excess of 1% and ee z 


*See Table 1, also “Report of a Series of Tests on qeceres Columns Reinforced with AS ery 
Spiral of Steel”, by C. G. Wrentmore, M. Am. Soc. C. EB., and Messrs. Hugh and 
Carey, Transactions, Am. Soc. C. E., Vol. LXXVIII (1915), P. ‘97. , 
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number of of tes 
Averag ta 


rz 


she. strength when failing in shear) rea 


Se = Stress in helical Steel 


io 

| | 


— 
4 “a 
— 
— 


ment in excess of from 1.6 to 2%, 1 curves having a as their equation, ‘Equation | 1 


cated upon crushing failure of the concrete, seem to For reinforce-_ q 


@); which is predicated upon the stress in the helical reinforcement, appear 
to be more nearly correct. _ On the basis of these tests, fs for 1:2:4 concrete, 
~— to lie somewhere between 1490 and 2 833, n seems to lie somewhere z 
ig between 21 and 44, m lies somewhere between 2.5 and 8, and @ is about 50°. 
le the lower percentages of reinforcement and about 45° for percentages in a 
excess of 1.6 per cent. The values of f-’, n, and m, seem to depend, to a great qs a , 
extent, on the age of the [ow ei alai boew od 
pon Although the available test data, pertaining to helically ‘reinforced columns, — ae om 
4 is inadequate to evaluate accurately the various constants used in the foregoing , . 
te equations, the writers feel that a careful study of the data, thus far available, p 


along the impending pla plane of 


(4) Helical reinforcement is very i in resisting a shearing. failure 


of the concrete core of the column. If sufficient helical damerea yes < is used, 
it is possible to preclude a a a shearing failure of the column. 


(5) Helical reinforcement is not very in preventing ‘crushing of 


(6) Helical reinforcement tends to increase the reliability = a concrete sae 


a, reinforced columns, a warning g of impending failure i is given, at 0 to ee 

em of the ultimate e strength, by the cracking or ‘spalling of the outer | shell. 

4 Iti is permissible, therefore, to allow a lower factor of safety and correspond- 

Sar increased working stresses in helically reinforced columns. 

ae (7) Three types of failure occur in helically reinforced columns, depending 


3 


ci a.—With reinforcement up to about 1%» the column tends to fail 


b.—With ‘reinforcement fro from about 1% to about 1. is 
due to the crushing of the conerete core of the column. 


will not occur even the concrete is until 
reinforcement is stressed considerably beyond its elastic limit and 
‘ possibly, in some cases, up to its 3 ultimate strength. Tests have been 
_ reported wherein the helix had | ruptured 1 under loads which, theoretically, 
could not stress the steel to o anywhere ne near its ultimate strength. Such > 


3 
fi 
_ shear, barring some pronounced defect in materials or workmanship. i 
ig nn consists of 
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failures w | were . undoubtedly due toa @ pronounced local defect i in m 


workmanship which resulted ina a local the | helix, 


(8) The pitch of the helix. ‘materially affects the e strength of the 
= especially with higher percentages of reinforcement, and should be as small as 
— me _ practicable ; the smaller the piteh of the helix the less will be the tendency for 
the particles of crushed concrete to flow between the coils of the helix... 
. rational analysis o of the stresses in the steel and concrete, a 
reinforced concrete column is possible. Yo sol, oda 
(10) Longitudinal reinforcement, consisting of rods or bars, should not 
— be used unless it is well tied together at frequent intervals w with lateral bands, 
should ‘preferably not be used except in conjunction with helical 
“ment. odd*ni bear add vi oon oteulevo of 
- (11) There is urgent need of additional | research work on helically reine 


- foreed concrete columns, especially with reinforcement ranging from 0.75 tod — 
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TxomPson,* Assoc. M. Ax 0. E. (by letter) —This paper 


an with its tabulation of experimental sania is certainly of interest to all engi- ne 
3 "neers concerned with the design of concrete columns. it would have been ie 
more interesting from a designer’s point of view, if some data were included as 


to’ measurements of the actual shortening of co columns under working loads wih 


and without helical reinforcement. There has never been a any real question 
in regard to the effectiveness of helical reinforcement as far as the ultimate — gi 


¢ strength of the column i is concerned under the action of direct load, but rather Sh ae 
a. to wha extent, if any, the helical reinforcement strengthens the column A 


_ when 1 the unit pressure on the concrete is 60% or less of its crushing strength. — i 


’ Generally speaking, the total direct load coming on a column will seldom Pi 


be greater than the amount a properly designed column can carry. A factor are. re a ; 
safety is chiefly required to provide against (1) poor concrete; and (2) 
flexure due to unbalanced loading, rigidity, unhomogeneity, 
is obvious that the latent strength of helically reinforced concrete jee 
ion umns will serve to good advantage when the concrete is poor, but that — aa 
4 aga ainst flexure it will be of little 1 use. It isa matter of judgment for a designer y a tar oe 
to decide when to rely on helical reinforcement. In one two-story 
, laliiee columns the effect of . flexure is important and, therefore, | helical | 
Reinforcement is out of place. Ih a multiple-story building, 
> effect of p poor concrete is more ‘important, hence helical reinforcement serves 
Ina reinforced concrete structure the amount of flexure towhich acolumn 
i ‘subjected, is indeterminate. The writer’s observations on the behavior of aes oa 
concrete columns makes him skeptical about results based on the rigid 
theory, The ¢ construction joints materially change the results. The actual 
i flexure on interior as well as exterior columns is invariably much less than — 
given by the rigid frame theory. Moreover, shrinkage, unequal settle 
ment, temperature change, ete., will develop flexure in columns that could not ‘i oa 


A 


be computed by any reasonable theory. In columns the reserve strength against a 


flexure as well as against direct load only basis for proper design 
within the limits of the same factor of safety as is used for other parts of ee 
is to be noted if the pressure on the cross-section of the 
@olumn is not ; uniform, as long as there is no reversal of stress on any part isp Rit." 
of F the column, the resulting lateral elongation | (and, consequently, the stress 
in the spirals” and the resulting “resistance to shearing failure) will be the 
Same as if ‘the pressure, was uniformly, distributed over, the cross-section. 
4 ‘Therefore, i in that case, helical reinforcement will be useful to a certain extent Beas 
Ih the case of direct load and flexure such as will not cause any reversal Lot 
ji 
in any part of the ‘column, the authors’ reasoning regarding. ‘the benefit 
ag of helical reinforcement still holds, except that v of Equation (21) must | be — 


q reduced by the ratio of average to maximum stress. 
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The authors have disregarded the that, as the shortens, 


ile ot 10% Number of coils anit of height lo aii 

ae It is evident that, for columns 20 in. or more in diameter, this omission is 


of no consequence, but for smaller columns it affects the results 3 considerably. 


General T heory.— —A general review from. a theoretical standpoint of a 
homogeneous column under axial load is of interest. Consider a homogeneous 
Let A cross-section of the column; boos at 4 
= total load on the column; L 9 oltsif Yo 
sited, = radius of gyration corresponding to I; pits 
Tength of the column tuo 
perpendicular distance from the "extreme e fiber to the 3 


radius of curvature of the bent column at any Y; 
N UO = extreme fiber stress; patos | low 
4 Assuming y y to be upward, 16 ane ad) tp 


y 


Assume the curve to be so flat that Equation (33) will reduée we 


ee 
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‘Bice, xX =0, = A (constant) = = sin-? als 
Equation (38) represents the relation between xz and y in 
The maximum stress in the column, atodica 


ow Py 


daz 


4 


5 _ Giving P in terms of the maximum deflection and maximum stress in _ 


3 From Equation (41) i 


~ deflection at the center of the column = 0, and that when u > —~,— ,th ere ae 
actual deflection at the center; for values of us , the deflection i nega: 


tive and therefore i imaginary. anode od are sot 


4 at 
—Axially loaded ‘homogeneous columns not ben 


ge(t or this condition, therefore, the average stress, —-, equals 


A 
by 


we 
i 
— 
3 
{ 
ii 
— 
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iw sf 


maximum stress increases and to increase » with the defle 


= ae: tion without any change in the average } Stress. ih other words, once a col 


ras: buckles it will continue to buckle without increase in the load; therefore, it is 

s stable structure. The proper conclusion is that for 


L in which, Ki is a proper of 


> rs 500 2 as the proper value. for —, the ratio of the length to the diameter of . 


round column must not 25, and the ratio | of. the to the side ofa 


"square column must not exceed 29. ~ Within these ratios of length to diameter 4 


or r side, the crushing value of concrete or its corresponding — resistance 


is the criterion for the strength of a 
L Esq. (by letter).—In their second conclusion of the he Synopsis 


the | authors state: contenant ef ad) ol aette 
4) Before a plain ameniin: column can fail in shear, the imp posed load 
must be sufficient to overcome the shearing resistance of the concrete and the 
__ frictional resistance of the material [to incipient motion] along the impending _ 


Te |The writer fails to g grasp the authors’ conception as expressed i in this state- 
was ment. _ It would seem that there could be no frictional resistance until, pe 
2 has occurred; that incipient 1 motion assumes a plane of separation and, there 
i: fore, assumes that shear | has occurred. It is clear that concrete is not @ per 
fectly homogeneous material and that when it is ‘subjected to stress, adjust 
occurs between the different particles, producing permanent set, but it 
hae 2 also true that after this set has oceurred there i is a relation between stress and 


<4 strain, and the writer’s ‘conception of the meaning of the elastic — 


a of ory is that the constituent parts of concrete are deforming according t 


“2 ome padi. — =. tnebive ei ti (it) noitanpa 


oar Sento along the plane of shear ‘the stress in the concrete is cena 


ing’ a maximum, deformations are "occurring in | the ‘Particles oc constituting 


-eoncrete but no slipping has occurred and cannot | occur until failure” 
_ takes place. ‘This conception, therefore, is the basis for a statement that 3 


4 a friction can be developed until shear has occurred. Such a conclusion would 

a a the acceptance of the authors’ statement, which is the basis « of their 


—The autho 


_ * Prof., Dept. of Civ. Eng., Case School of Applied Science, Cleveland, Ohio. | — 
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never be free from discussion. From a practical point of view, cone ~ 
centional building material. but from philosophical one. it 


HARDER ON HELICALLY REINF FORCED CONCRETE COLUMNS 
to say the least. ‘Therefore, any attempt to develop exact theo- 
formulas is bound to be futile. At ‘no stage of its existence is concrete 
sn absolutely fixed material. é Shrinkage goes on for years; the value of E te re 
varies: with the intensity y of the stress, and with the age and quality of the 
gonerete ; ‘consequently, n varies in the same manner, while m likewise 4 
with the intensity of stress and perhaps, also, with the age and quality. 
As to the newness of the authors’ method of theoretical analysis, twenty- 
‘two years ago Rudolf Saliger,* an . Austrian, developed ‘similar formulas ‘but “ara 
3 in different dress, and his formula is the basis of all design formulas used in a 
Burope to day. Countless. experiments have been made in the interim t deter- 
imine the of the constants of his formula and, judging from the State 
"specifications © of the various continental countries in Europe, all a 
— 


= this paper treats of the theoretical stress formulas for anies col- — 


umns with helical reinforcement, it will be proper to out the difference 


A 


= 


“aly ee this omission n simplify’ the final result, but it is justified because the 
theoretical expressions of Equations (16) (17) presuppose a 
action of the longitudinal and lateral « or radial forces. Actually, the radial ee a Ss 

e forces do not come into play until the longitudinal compression has caused the ae a 
 eoncrete to expand radially and thereby engage the helical reinforcement. If a Ka 
- the spiral had been wound under tension on the concrete cylinder, conditions — >, 
- would be different. ‘It will be sufficiently accurate, therefore, to write: Lae} 


i. Thus, the first half of the right member signifies the radial expansion | of : in ee 


a plain concrete column due to the longitudinal force, while che second half a 
Bot the inward deformation due to the unit surface stresses, h. For con- fat a 


venience, the former will be written, e,’, and the latter, e,’ 


D Thus, ‘if Ay ’ is the cross-sectional area of the helical reinforcement for a 


¥ 3 * 
“height, g, then the tension in such a ring of reinforcement will be, 4 PLATS ys 


& 


ao 


_* Zeitschrift fiir “Architektur u.  Ingenieurwesen, 1904, Heft 5; 1905, Heft 
4 reichische Wochenschrift fiir den 6ffentlichen Baudienst, 1904, Heft 25; Deutsche Bauzettung 

| (Mitteilungen), 1907, No. 16; Rundschau fiir Technik 1. Wirtschaft, 1908, Heft 1-2; 
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- be the of in the helical 


- ~per linear inch ft f column and A be the 


fm Omit ting all alluded to in discussing Equation 
he E, and f, = E, tt is easy to demonstrate the latter if on e will 
remember that e, is the horizontal deformation per inch of column diameter 


we Tey 


but is equal t to the -Tesidu ual lateral ‘deformation, en ens 3 


np’ 
but = E, e, and e,’ = ——- and hence on substitution, 


+ san will fail 2 at a a unit stress, ess, fe, which is the required stress to produce 
a ete column; al ts 


paint 
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me 


making use die equivalent for the term. of the 


tule 
becomes p’ f, and the final formula i is (2 


ror 


f ‘Jongitudinal added and ‘the ‘of area the 
core area is 7, the total load carried by such ‘reinforcement i is np np ft. For the 


n is at its value of 15 and if an average value of m 
fo (1+ 15p + 459) 


we ‘This is the design formula used in Germany. The res restrictions impo sed 


on the designer are that the longitudinal ‘yeinforcement mus must be at least i b 
third of the helical and may vary from p = 0.008 to 0.030. The pitch of the 


- spiral must be less than one-fifth of the core diameter and = more than 8 in., oe 


§ f, is limited to 500 Ib. per sq. in. ‘Also, 


+ 15 Ay AX (al concrete 
Iti is interesting to compare this with “American formulas as speci; 
fied by several building codes and others, the ind 
in the New York of vr coalitions 
tes 
colle 


mvc 
hide: these Pesta vary from a minimum of 0.008 'e ‘maximum 


ia 0.015, while the percentage of vertical steel cannot be less than p bu but ‘may 
Som It should be noted that in the American formeles, the coefficient of p is 
14, whereas in the German formula it is 15. This ‘difference is due to the a 
custom, in the United States, of subtracting the area of the steel from the rks 
area of the concrete core. This practice is theoretically correct, but itis 
surely a hair-splitting matter when there is such a divergent opinion regard- Bs 
_ If one were interested in the history of theoretical derivations, the ae ah 
ment that, ‘until re recently, writers have ‘neglected friction in concrete, wil 
need some amplification. Saliger also considered it in his” 


helically reinforced column. His equation may be obtained | directly fro . 


ad authors’ Equation (15). Let the left side of of this eae be called as. 
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xs 
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Pits 


Equation 5); then 


€08 — a COS a — cos* a tan 


tent os 


stress on a plane ‘making an angle 45° 


with the: horizontal 


— 


sin acosa@ + sin? @ tan 


sin a cos a cos? @ tan 


3 manipulation, the Santi equation may be simplified and written: - wl ay 


Let p p be equal to tan the coefficient of friction; then by 


te 


p cot 


The coefficient: of h in the second member may be. 


hen 


45 + 


oi 


gh Beliger published in 1 1904. 


Cash 
cosec 2 


therefore, it is clear that the first member of Sali 


moot 


aaboo unil 
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ger’s equation is equal to Ki 


transformed into 


a 


f 


1— 


4 agrees in form with af at od cl 
hence it may be concluded that, q to 09 4 


“ie 


: f, x tan (4 
pial 
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if the values of f,’ and.f, at the point of rupture can be ‘established, a ready Pee 
‘ "means: of obtaining the value of m is provided. _As the authors have correctly 
stated, there is a difference between what one may call the cube strength an fy 


oylinder or prism strength of concrete. to pinatie™ 


Bach gives* the following interesting tests using prisms of varying | heig hts. 
Height to 4 sm tocube 


an Thus, taking for the value 0 of. fe ” the average, 0. 85, of the cube sein 


raping 
for f,, 0.20 of the cube strength, n m 4.5 and (4° 


J. H. Grurrirn,t M. Am. Soc. ©. E. (by letter) —The authors deal with 
3 the question of the causes of failure in concrete, more particularly in plain x 
and reinforced concrete columns. Is failure in concrete to be attributed 1 pri- 

% marily to shearing, tensile, or compressive strain? What are the influences 

of internal friction, helical reinforcing, vertical rodding, etc? A perusal of as 
data obtained years shows quite conclusively that most failures 
i plain concrete have obtained under mongrel or ambiguous conditions of ae ; 
strain. The data must accordingly be regarded as ‘possessing apparent r rather 
5 than rigorous scientific import. The refinements of strict experimental tech- oe “s 
nique usual i in scientific testing have been too often neglected for the quite es a 


laudable aim of facilitating common sense working conditions. Thus, the 


p= cause of failure has been destined to remain a moot point among engi- anh 


de a simple example of ambiguous straining the case of the test with | ne 


“shear-tool” commonly used for concrete, timber, and steel, may be 
% - cited. The apparent pure pure shearing failure i is, of course, in reality a combina- 
_ tion of shearing, compression, and tensile strains of indeterminate amounts. 
_ Another type of experiment in the same category, is the. so- -called ae 
‘test. Its unique ‘position may be compared to ‘that of ‘the “yellow primrose 
by the shore” once quoted so aptly by Mr. George Grant in “A. Treatise 
on Gear Wheels”. “It gives the punching | strength an and nothing more. For, 
again, ‘the effect of shearing proper is completely masked by a combination a oy 


stresses the independent effects of which it is entirely 


Zeitschrift fiir Betonbau, 1915, pp. 57-68. 


t Prof. of Experimental Eng., Iowa State Coll., Ames, * 
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vent tatroduction of terminal stress couples, indeterminate radial 
restraints from the > platens of testing machines, sluggish universal bearings, 
Accordingly, the relatively wide ‘variations found in platting ‘the 
must be “camouflaged” by averaging the data i in groups on the staph. The ; 
= “stream of tendency” is thus narrowed to g give the semblance 0: of a statisticg) 
Critical however, who have made a comparative study 
thie field in the last _twenty- -five years, are aware that these laws are in 


eality, too often mere zones of observations. In view of the many interest 


which is made to. encompass this subject: concrete data 
should be dispelled by the occasional definite attainment of: 


gut among investigators, is to hold constant all variables but the one 


“4 
; under consideration, to note the variation of the function with respect 


t £0 
is variable, ‘and “to proceed with ‘the others in ‘detail in in like manne 
conditions of testing should be abolished. As an instance, it it 
well-known fact of rational dynamics that shearing stress” under 


Ppt. of loading may be obtained by twisting a circular 
shaft of the material. Special. cylindrical moulds with slight enlargements 
¢ the ends. to provide for local effects, and arranged to . clamp together mr) 


ra halves, may be used to this end as easily as in the case of the compression — 
tests. The few twisting strains conducted in this manner by Moérsch give 


definite helicoidal fractures, such as those obtained for cast iron. Little 
em, of stress- ‘strain data for concrete in tension, and yet they are as easily 


determined as. those for cement briquettes, steel, or earth specimens. 


the column tests of WwW Vrentmore, Brodie, and Carey, cited by the authors. 
as authorities. used cast- iron ‘ “cups” filled with. sand and caulked with fl 
to a a full « even bearing o on 1 the sand,’ restrained sand bear 


Perhaps t the. most important, testing device for ascertaining determinate 
"straining in n compression tests of concrete is the hydraulic bearing designed ed 
i Schuyler* in 1918, which still remains practically unnoticed by masta 


sional smmittees. It possesses the signal merit of being able to. 


under absolutely pure e compression. with ‘the elimination of the 
known restraints, end couples, ete which, in a large measure, cause the 
“variations from. the | means. Ps A few hundred precise data of this kind will 

easily outweigh in value the many thousand of the so-called “practical” La 


“rough -and-r ready” results obtained under ambiguous conditions of strain 
eet ing, but from which the definite information is relatively small, Having — 


pt precise | data under pure conditions of straining it will be an easy matter 
Proceedings, Am. Soc. 1913, 
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of course to proceed to definite of failure under 
yy strains. | For example, it is not a difficult problem to test in compression a 


eonerete cylinder already exposed a twisting ‘couple. Hydraulic bearings 


with suitable ball races will suffice for applying the compressions. The met eth- a 
| of combining stresses given in dynamics relatively simpler 


‘ 


he The pure compression test of Schuyler deserves more than passing com- 


ment. ‘In the first place, the so-called Coulomb type of shear failure cited for — 


any years in textbooks disappears altogether, as ‘do those of the 


‘and Bouton type. fails in pure tension® | in vertical planes 


through the axis usually 120°  apart—for ‘concrete having g a tensile étréngth 
oof only about one-tenth and one-half, Tespectively, of the compression and 


shearing values, it must fail in tension unless” prevented from doing so 


‘the methods s adopted by investigators. Strictly speaking, one may 
“all the | compression strength of ma many y materials. infinity for ‘most pr practical — 
_ purposes as it is conditioned always, as in the pe: of concrete, y extra-— *~ 


‘neous 1 failures | and not by compression n proper. . Thes apparent failure of timber 
é in compression, for - example, depends on the strength of ‘the tracheid fibers; 


Lyell, and Sorby, that strain induces solotropy of structure 
tangible ‘matter. fact has already een commented on on by 
AE H. Love, the English elastician. The forces set up ane akin to erystal- 

_ ‘Hization. The essential facts have been presented i in an illuminating manner 

by the Irish scientist, John Tyndall, in a lecture before the Royal Institution 

of Great Britain, on J une 6, 1856. Tyndallt remarks i in connection with the ye 


RAN 
discussion of a variety « of other most interesting Phenomena: Phy tat 


“There is no such dhing it i 
4 structure. I break this clay which seems so uniform,. and find that the ee im 
_ ture, presents to my eyes innumerable surfaces along which it has given away, ae 
A and it has yielded along those surfaces because in them the cohesion of the — ee 
° mass is less than elsewhere. I break this marble, and even this wax, and ve 
observe the same result; look at the mud at the bottom of a dried pond; ok 


es _ ©The writer has attributed these fractures on planes through the axis to failures in eg 

cohesion following the authority of John Tyndall as discussed later. That this is a gratuitous ~— 

assumption, however, may be urged by a discerning mathematician; for, in dynamics, any 

stress distribution acting on a mechanical system must satisfy the conditions of rigid body = 

equilibrium in accordance with the provisions of Newton’s or d’Alembert’s equations (see 

Love’s “Theory of Elasticity,” Second Edition, p. 166). Now, as the cylindrical face of the 

concrete specimen in a testing machine is free from stress, it is natural for the critical 

the question (as did the writer) regarding the anomaly 
nternal pull on the cylinder, assuming the str tribution to all tens on aD 6 not 

In dynamics the radial and circumferential stresses on the sectors into which a 

_ cylinder breaks are rigorously zero. The writer can only state in the light of his own 

knowledge and experience that he believes this to be a legitimate field for the application of | 

_ the hypothesis of “true stresses” of the late Mansfield Merriman, M. Am. Soc. C. B., and 

| Prof. A. E. H. Love considers failure ‘n tangible matter still to be a moot point. ” (See * 

“Theory of Elasticity,” Second Edition, p. 117). The hypotheses are: (a) That failure occurs 

“Under maximum stress; (b) under maxhrens shear; (c) under the difference of maximum — 

‘and minimum principal stresses; and under maximum strain. oo 


of Science, xi, “On Crystalline and Siaty Cleavage,” 
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again, In @ recent paper OMe aulmor speaks OF CONCTete 20 UUU ID. 
aq. in. under stresses from all sides by hydrostatic pressure, and it 
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at some of the ungraveled walks i in 

abdivided by interior surfaces 1 
_ Penetrate the mass in ides 

surfaces of weak cohesion. such a mass subjected to 

a it yields and spreads out in the direction of least resistance; the little 


 hedra become converted into laminw, separated from each other by 
: of weak cohesion, and the infallible result will be a tendency to cleave at right ~ 


over the half-dried mud of our to us more 
poe The phenomena cited by Tyndall have been observed in ‘mill of | 
instances in research at Towa State College. In the case of compression 
tests of virgin earth cylinders it has been ‘possible to obtain a complete 
tical pebwork of cohesive failuree—of which the Schuyler type of fracture may 
be r arded an elementary case, a8 perfect as those found i in Towa i in depres- 

‘similar to those cited 


sions of the soil after 1 water has "evaporated and 
‘Tyndall. In fact, if it were not known that these networks of fractures were 
produced: by compression strains, they easily could be mistaken f for 


st 
experienced in of soils during the heat of summer. 


prismatic structure is observable in ‘the product of the coke oven. “On 
other hand, in nature, the geologists, N. 8, Shaler a and J. B. Woodworth, hi have 


given an admirable illustration of the prismatic 2 arrangement ‘encountered 
coke strata overlying the -carboniferous beds of the Basin, 


north of Gayton on the James River.* ge 
the case of hollow building tile. with cells running the usual 
angular or shearing failures occur when the tests are conducted with plaster 
¥ of Paris caps on the specimens. However, when { the ends are ground smooth | 3 


with a eurfacing machine to realize partly the freedom from radical con- 
straint of a hydraulic bearing, values as high as 12000 Ib. per sq. im. have 

by the writer. The specimens break at 5 cell A 
a fillets into vertical “slats” without 1 those “warnings” of early y partial fractures ss 


e 80 con the tests with the plaster o of Paris caps. The com 


: which are so common in 
presence of vertical cracks. . Rock cylinders tested by i in mpact with ‘the Page 


drop: test | give the 8 same type of fractures as found by Schuyler fi 

_ In the Michaelis “ball test”, the balls of cement drop | on a slab from a 
given height to determine the relative consistency as a result of partial 
‘tion of the colloidal particles show well-defined vertical cracks when they 
Teck the requisite plasticity. In the case of brick pier tests, on the Bec 
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d, the sataitiie of frictional constraint is in evidence as far as the quarter- ay 
- points, of the specimen. The exterior walls are re “spalled off” by th the wedging we 
- getion of the pyramids in the same manner ‘as the extraneous matter of a_ 
5 Teng bullet or a snowball slides off the cone of material which adheres to a 
wall or target. The cone must be caused by radial constraint at the selene ~ 
When there is no cone, there has been radial slippage on the platens; the f- Ng 
material is free to expand circumferentially 2 7 
the Schuyler fracture occurs, a shear or compression on fracture no not being’ ‘caused 
on account of the much greater resistances against these types of strain, 
except under conditions of platen supports. 
a bh the ease of helical reinforcement when present, as ns 


actual granular material of the concrete. ih the case the ‘construc- 


‘tion of the helix regarded asa grating | or series of rings—unless the = 
cable effect is introduced complicate vastly the analysis—will cause 
radial constraint of hy using the authors’ notation. 35 This stress, h, — 
obtained from the authors’ rigorous | dynamical Equation 08): 
in which, e, = the uniform a axial strain, v = axial 
modulus of the ‘concrete, h = the lateral and m= the of 
- Poisson’ 8 ratio. It would be expected from theoretical considerations 1 that a, 
such a a column, if absolutely concentrically loaded, would fail in tension as’ in eat 
the previous cases after the yield point of the reinforcement had been passed, — 
the resistance to expansion offered by the platens tends to dissipate itself 
with the distance from the ends. " As it is the rule, however, that most equate: 
_ ended columns have inherent eccentricities, it will be safer perhaps to assume 
4 in practice that the failure is in shear, in lieu of any definite analytical data > 
to the strain measurements necessary in making an analytical | decision. 


By resolution the relation between the stresses, A an and v, is be: 


in which, @ is the angle between the plane of the stress, h, and the inclined od e 
_ interface on which slippage takes place, and ¢ is the obliquity of the resultant ae at 
on this Plane or angle. of friction. The extrema, 


‘agreement with the authors’ Equation (24) and Rankine’s 
a ‘pressure. The analysis from this point evidently will be similar to that += en a 
authors: or equivalent to it. They state in this connection that “when 
ft represents the stress in the steel as it reaches its yield point, failure of the ee a 


will not occur even if the « concrete within | the helix is crushed by the 
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the records of testa show that frictional « dila clone 

enormou A porous sheet-steel, No. 16 gauge, container, 12 in» in diameter 
ae by 6 ft dong,: filled merely with: crushed rock, without cement, will: carry 4 
re 125 000 Ib. vA tracing cloth container, 4 in. in diameter by 1 ft. 2 in. » filled : 


with pebbles, will carry about 2 cu. ft. of east iron. on. The helix acts’ ‘Tike’ the 


iat It i is naturel t to raise the question -of the uni-planar angular fractures of i 

or-conieal fractures The ‘methods of ‘analysis ordi- 
marily used cannot discriminate here; for it is tacitly assumed that either 


2 


type of failure. may occur in ‘the analysis. interpretation of homogeneous 


“ 


some of limited 
in the language of Osborne Reynolds; and when : starts 
nature it seems to possess” almost human volition and persistence. A slight 
- strain developed in matter | causes an | “infinity” of stress at the “point of 
-divellence” or re-entrant angle of the crack. | A crack in a plate girder, for : 
tend. to. ut the and and ¢ ne 


earth beds beyond. Sir John -Herschel+ has the apropos ‘remark 


once produced thas a tendency to run: for this plain reason, 
at its momentary limit at the point at which it has just arrived, the divellent 
force on the molecules there situated is counteracted only by half of the he- a % 
a sive force which acted when there was no crack, viz., the cohesion 0 the 


i oe the same ‘manner it is entirely logical to suppose that the crack latent 
eS Pa, or incipient at a cleavage surface or plane of limited stability between the g 
as matrix and pebble is gradually developed under ‘the strain by the tendency ; 
ie of the crack at | the point of divellence to propagate itself by continuance of — 
minute tears until the structure fails en masse. 

Z hb conclusion, the writer wishes to emphasize | the need of distinguish 
the several types of fracture which have been discussed. He belis 


phenomena of failure may be given other interpretations than 
ae Joun Tuoxer, Jr.,t Esq. (by letter) —The attack on the problem by a 


“ational analysis” is to be highly commended. Empirical solutions of en 
gineering problems are only to be tolerated until] they can be placed on a 
|) ® Johnson’s “Materials,” Fifth Edition, p. 118, Fig. 120° 
t Proceedings, Royal Soc,, Vol. XH, p. 678, quoted from hoof 
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‘sisteney ¢ demands a anslysis” determine safe stresses 
of safety. The authors, arbitrarily selecting a factor of safety, 
3 do not utilize the ‘rational method which has already been developed.* Their 

- Equation (23) gives promise of value as an aid i in the analysis of the spirally ay 
_ reinforced column, but before the e equation can be utilized, the « constants, m 
* nd £,, must be known, beyond the ultimate strain of ‘concrete, and can not ~ 


be “assumed * values.” other. end equations, 


The authors have cited no proof, experimental or otherwise, that 
 peinforeement “ 

“eonerete.” Although the spiral “tends to neutr 

4 fections” yet “tests indicated that failure my ‘anen 


The attempted proof ‘that “the unit compressive stress which will cause 


least 1.75 times the compressive stress which will cause failure 
shearing the entire ‘section of the column,” is erroneous. No hypothesis 


: tiene by shearing out a wedge i in the extreme fiber [of a column] must be ve 


offered limiting g the size of the » wedge, and, therefore, the analysis would be 
-y for a wedge the thickness of which was equal to the column diameter, — a 


with results “contradictory to those obtained from Fig. 1. . This in itself is 

proof of error. Moreover, provided the proof presented were valid, ‘it would — 

“have to be shown that the extreme column | fiber could r not fail in a manner re- Bas, 

quiring less stress than’ that required to shear out the wedge; for example, by 
1 the same © type of failure that characterizes the failure of the columm as a@ 
whole, a rupture in- a’ plane or planes: inclined to the column axis, 

| The analysis of the forces éeting near the column surface may be cimpli- 2 
fied by considering one-half the small wedge ‘shown ‘in Fig. 2. The plane, 
4 (Fig. 6), perpendicular to the paper is ‘tangent to the’ column 

element ; b is perpendicular to the paper and to Te 

shear along c b is z zero, since it is perpendicular to a free boundary surface, ab, 

- along which no shear exists. By the same reasoning, the shear on the plane ee : 
4 - parallel to the paper is zero. The summation of er horizontal forces giv a 
(identically, with the authors’ ‘analysis of Fig. 2) 


ony, 


is the same as that required to cause a shearing rupture of the extreme fiber 


in one plane and is the same as the ‘stress necessary cause 


The > Synopsis contains the conclusion “(1) Plain conerete columns * * * — 


fail in shear ‘rather than in compression, and the a uthors also state’ ‘that 


© Transactions, Am. Soc. C. B., Vol. LXXXVI (1923), p. 1127. 


t When such a precise and scholarly authority as A. EB. H. Love use: uses the term “mtr 
itmay be accepted as correct, see “Mathematical Theory of Elasticity,” Second Edition, 396, 


salted Je af & to 


~ 


compressive stress required to. 0 cause failure by shearing out a small 
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ON ‘HELICALLY REINFORCED CONCRETE COLUMNS 

“the ad will fail in shear alone. Pure shear. dl 

 eannot be: produced i in a ‘a material by compression. It is true ia 

es that concrete fails by separation and sliding of the new surfaces to a 
along a plane, or surface, such as that of a ‘cone, the common ost 
form observed it in Concrete ‘test leylindere. » This plane: of failure. 


using “failure in 


y result of 


er method of failure ment The oF 


Compression failures may be classified as (a) plastic, exhib- 
73 ited in lead, short: mild steel specimens, ete., a long specimen of heroetig Fis. it 
eter: the material failing by buckling (as a structural steel column); and (b) sliding 
oe ora , shearing of the material, as in concrete, cast iron, terra cotta, etc. - Ther > 
- ro called “splitting” failure is a secondary result of the action of wedges of the 


material originally produced by : a shear failure, ‘splitting 1 the material between 


> 


em the two surfaces are further compressed. .The phenomena may also be due to a : 
as. _ weakness or defect in the : material throughout a volume of considerable magni: 4 
oe tude; Thus, if a stratum of weaker material be included between t two stronger 
‘Strata, increase in atress will cause the “shearing” failure of the weaker mate 
ees stratum is not sufficiently thick to ) permit the two parts. of. the 
- material to slide past one another, or if they are kept in the same axis, continued — 
_ compression | will 1 break down the vertices of the shear cones 3 originally prodeeae 
resulting in a series of. additional ‘ “shearing” failures, until 
material is broken into small pieces, or “crushed.” The phenomends of 
“erushing” occurs in “lean” concrete, the failure being : due to the wedge @ action 
2. o- the large aggregate on the much weaker, part of the concrete. No material 
is of absolutely 1 uniform strength | throughout. J As the stress is increased, the 
i concrete will rupture over small areas where the material is weakest, the areas a 
of rupture increasing in number and magnitude with increasing stress. The ; 
- greater the variation in strength of the material, the more pronounced and : 
- seattered will this network of ruptured: areas be, and if sufficiently so, the 
result may possibly be the. -called crushing, failure. = 
Great care be exercised in the e application of the friction concept 
one. with the irregular form of ‘broken specimens of coe 
“also i comparison | with the selection by the authors 0 of values of mre 
and “bout 50°, a value for @ of 76° 43 is absurdly accurate. “Sound 
‘a of the unquestionable > experimental determination of ¢, With the 
the dependability of the result ‘expressed by means of the pro robabie error, 
is necessary b before acceptance. = It must be demonstrated that the friction angle — 
is constant, as . assumed in differentiating Equation (12), and that it i is the 
same for plain concrete and for identical concrete laterally restrained ie rer 
forcement. ‘The constancy of is at present purely 
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UCKER ¢ ON HELICALLY REINFORCED CONCRETE COLUMNS» 

. ih Provided that the charac racteristics of ¢ be known, the e analysis in in ‘the paper 2 
assumes a perfectly homogeneous material of ‘uniform strength throughout, 


condition that concrete does not even loosely approximate. The failure of 


= 


e concrete occurs along an irregular surface, the angle between the axis and the Bs 
Ps plane tangent to the surface varying greatly from point to point. The analysis & 7 
given in the paper, therefore, cannot hold, for the “shearing” strength of the 
Be - concrete, which has been considered equal in magnitude to f,, is a variable ty 
7: The second conclusion, that “the imposed load must be sufficient to over- i. a 
come: the shearing resistance of the concrete and the frictional resistance of Os o3M 
material along the impending plane of rupture”, ‘not a -eonelusion, 
3 nor a unique and sole possible ‘interpretation of pertinent | test phenomena, eo 
bat is @ hypothesis on which to build the analysis of column action. “The ere. 
frictional resistance of the material is a more important factor than nae 
js commonly assumed” —in fact, it is an absolutely indispensable factor 


if the friction concept is used | as the working hypothesis. If the hypothesis 


At 


the stress- strain ‘relations are valid for all stresses 
up to and d including the maximum or ultimate. bidew 
‘The conclusion that “helical is effective i in n resisting a shear-— 


reinforcement “the will not fail, even after the has 


ag ant ntil the helical reinforcement has been stressed considerably beyond its 


elastic limit; ” for any “crushing” of the concrete is a ‘compound shearing. The 
= columns, T and U, with 1% ‘spiral, are experimental evidence that spiral rein- Fit 


forcement in itself, for one ‘example at least, is impotent in preventing shear 


failure of the conerete, the failure (maximum load) at the 


- qylinders plus the strength added d by the rods at 36 500 Ib. per sq. in. " <i 


4 That point at which the integral state of the concrete is s destroyed, either ie 


by a shear rupture, “crushing”, or whatever method, marks the ‘limiting | 


q _— strength up up to which the column serves a a useful purpose. This strength, pur Be 
ported to be given by Equation (27), is, as stated, of “academic interest only.” Bie 


_& however, as claimed by the authors, concrete ‘reinforced with more than 


-_ latter strength, supposedly given by Equation (21), plotted in Fig. 4 indicates 


et more than a proportionate increase in column strength with increase in rein- — 
_ forcement. Contrary to this, the majority of column tests” indicate that the 


maximum strength (which would be greater ‘than ‘the “crushing” strength) 
Transactions, = Soc. C. Vol. “EXXXVI 1099, or by meth methods ds used 


~ 
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Dot used, the Irictional re 18 Ol 0 lmportance W 
a a ever. One weakness of the frictional hypothesis is in that the equations de ; } ae 
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434 — ow REINFORCED CONCRETE COLUMNS 
is to the percentage of spiral, while the ‘McKibben and Merrill 


nis tests indicate only a small increase in column strength with | an increase of 


oe eds The statement of the mechanics of failure of a column with greater than 
; mat 1. 6% spiral reinforcement, is not clear: First, the, concrete crushes, after which - 
the “failure” occurs, when the reinforcement is stressed to some point “beyond - 
“4 its elastic limit and possibly, in some , cases, almost to its ultimate strength? 
oe In exactly what phenomena the “failure” consists, is obscure. If failure hes 
been used to connote the maximum column load sustained, the statement is 
Z ~ then correct; the maximum load is sustained, however, at or shortly after 
the core concrete has begun its complete disintegration by ‘hea? 


ae el Experimental data fail to demonstrate that more than 1.6% of spiral reim- i 
forcement precludes a shearing failure rom the original source of the 
authors’ contention, it appears: that “the tests indicate, but can | ‘not be said 
prove conclusively that * * * above 1. 58% the ultimate strength is 


simply the amount which can be carried by the granular core ‘supported by 


spiral, with no cohesion of its own.” This conclusion is mainly based on 
i unique interpretation of the plotted column strength test ‘Tesults. s. ‘These 
> a sented by a most irregular empirical curve, whereas a a straight — 

Hine would do equally well, if not better. — Tho: test specimens, minitare 
i a columns with core diameters of about 34 in., are poor means of obtaining 


_ information | compared with the several columns 20 in. in | diameter of the 
e American Concrete Institute tests,* and the tests of columns 14 in. in ia 


erage 


McKibben and Merrill,+ neither of whieh have been ed in the tat 


data of Table 1. Talbot statest that: Sint Wd ftv” od 


aaa hl “The maximum load in some cases may not be reached until the hooping has “ 


eos been stressed to its elastic limit, and in other eases this load may be rea¢e 
; ee without developing the elastic limit of the hooping, especially when large 
lateral deflections of the column same general distortion from the gen 


3 In the group thus referred to are five columns with more than 1. 58% spiral 4 

"reinforcement. This is a contradiction of the authors’ statements, “Neither 

Professors ~Withey and McKibben nor Mr. Merrill have remarked on any 
special phenomena in columns with more than 1. 
‘The strain history of the laterally reinforced column has 1 not been given. 
This is essential i in the analysis 0 


“Seo 


o 


Proceedings, Am. Concrete Inst., February, 1916, 
_ + Bulletin No. 20, Eng. Experiment Station, Univ. of Minois, othe 


Am. Soc. C. E., Vol. LXXXVI (1923), p. 1227. 
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ON HELICALLY REINFORCED CONCRETE 435 
wes and required severe blows from a 
9—A spiral reinforced column, approximately of 80 kg. per sq. cm. 

jnforced strength, was stressed to 666.7 kg. per sq. cm. The spiral was then 

stripped for a length equal to three diameters, and broken under a load of 
_.3Four columns (T-1, T-2, U-1, U-2), with 1% spiral and 6.11% ennai 
failed to have their strength appreciably increased by the spiral velafedednent 
and the ultimate strain n was not appreciably different from that of the unre- z 


Therefore, since concrete that has its. strength increased by reinforcement 
“may be strained unbroken and integral far beyond the unreinforced ultimate — Band 
strain, and since the ultimate column ‘Strength occurs at the ultimate il ¥ = 
of the unreinforced concrete, in the one case where the concrete strength is 
not appreciably . increased by the spiral, it i is apparent that the maximum 
* strength of the column i is s developed when the core fails by. a shear rupture, or ‘ 
grumbling. A column reinforced with more than 1.58% spiral will have an ee 4 
ultimate strain much beyond the ultimate strain of the unreinforced con- is ae 
ere crete, and the core will remain sound (that i is, unbroken and integral) mu ~~ 
the corresponding strain of the unreinforced concrete. is absurd 


+ 


the conclusions to drawn from Equation (18), for fed decreases with an 


Equation (23) gives” with close approximation* the relation between the 


stresses in plain reinforced concrete for equal strains, This, of 


course, becomes meaningless for stresses in plain concrete beyond the ultimate 
stress. Tf, however, E, ey is substituted for v, in the equation, then for any 
value of ep (the longitudinal strain” in the spirally reinforced column), an and a 


oR (the modulus of elasticity at that strain), v will be the compressive stress 


| in the e column, _ The value of increases far beyond the ultimate strain of 
Plain concrete, it. has been shownt the product, _E,, increases" 
. - greatly beyond its value at the ultimate strain of plain eoncrete. The authors’ ae 
interpretation o of the equation as giving the ‘ “crushing” ‘strength o of spirally 
‘teinforced concrete, in terms of, the ultimate strength of plain concrete, 
plainly i in error, the, interpretation connoting the “crushing” o: of the concrete 
at the ultimate strain of the unreinforced n material, a phenomenne that holds & 


only. for concrete. of high In the form given; in the Paper, 
2 the : stress in a reinforced column which is compressed to the ultimate strain “a 

the unreinforced concrete. No information of the ultimate. strength of 
reinforced concrete can be obtained from the eqvation. £88 
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devoid of physical significance. A maximum and a minimum value ‘tay cannot perfe 
occur at the same point, as the authors seem to believe. ment 


The desired equation may be developed thus: For the e plane in the ery cruchel 


= between the tangential and the friction n force. ‘The 


thes all 


| 
ry 
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curve well ‘the 268 to 440- -day The straight line's rep. 
resentative of these points indicates an increase in strength of 0.56 a close faih 
"agreement with the value which has been empirically determined* heen 


as 
ais: from an entirely different group of columns. The points representative of the 
81 te TT day tests are so scattered that no law can be determined from til 3 
tae The strength of concrete varies so considerably’ within this period and the or 


a ae ing conditions moreover in this particular case are | 80 variable that consistency jp 
between. the 1 test results can not be expected. 2 
; In Table 1 are given v values of the reciprocal of Poisson’s ratio. As the 
te of m cannot be less than 2 without contradiction of the law of the con " 
2% servation of energy,t the many values of less than 2 which are given in the | 
table indicate the lack of reliance to be placed in this constant as 


of determination for r the ultimate of reinforced cont 


_ FE, varies greatly for strains beyond the ultimate strain. of plain concrete, 

_ decreasing with increasing strain, and | at an increasing rapidity. It is < 

= ‘that n and m are constant at the ultimate strength of reinforced con- 
rete, independent of the percentage of spiral reinforcement, hence, for one 
the curve” representing Equation (21) in Fi 4, for 


= 2833, would probably have m and n variable with variation in 

instead of constant values of n n= 21 and 8, throughout, and would 

in an altogether different form of curve. & tol 

Transactions, Am. Soc. C. E., Vol. LXXXVI (1928), p. 1096. 
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in their ¢ that the addition of helical reinforce 


ot to a concrete column should not give it the name of “spiral reinforced — are 


| column”. Neither the suggested nor the usual term is short enough to met 


aoe general approval and the writer would be glad to see the development of as: 
“ a simple nomenclature in this as well as in other branches of reinforced oven 


investigation. The expression “reinforced concrete” is also far ~ 


‘The separation of the types of failure in concrete columns as given by the 


dathors 3 is quite logical, and may be described generally, using the same divi- or 


gion as in the paper, as follows: an. 


in bon dite. lo 


©: —Some columns fail in accordance with the usua metho of com- 


pression failure of solids (or granular materials) that are low i in 
strength, and, therefore, fail easily in diagonal shear, The equations ‘for 


this 
of failure are identical with those defining | the limiting resistances of “ 


solids to displacement along a plane within 1 the solid. In this 


it must be assumed that the unit stress, fai in “the paper, is uniform 


) wy Ti i) 


eee by compressive | load i is } a separation of ‘the granular constituents of the 
core, that is, crushing. Separation f internal necessarily 
im a certain elastic yield of the steel helix. ‘It is not possible, therefore, 
mit the previous conclusion that helical reinforcement has, little effect 
in preventing crushing of the concrete core. pi 
-Sufficient steel section can be placed around the conerete 80, that the 
elastic ‘stretch under increasing loads is is not sufficient allow the internal 
4 structure to separate, or crush, and thus failure cannot occur, until, at some 


point, the steel helix is stressed | beyond its elastic limit. 


he authors fail to define the value, 3 evidently, r is » radius of of gyration, 


which expression is not easily defined in reinforced concrete theory. It is te 
simpler, and involves no greater (if as large) errors if ratio of to 
‘<aK minimum width or diameter i is used. Steal 
fg interesting to com 
and eccentrically loaded columns. One is surprised to find that these equations | 3 
give the same possibility of failure for a given load placed axially or with : th a 


eccentricity of one- -eighth the diameter. In addition, these results do not 


be agree with the theoretical solutiont of I. J. Mensch, M. Am. Soc. C. E., which a 


was also, based on a large ‘collection of experimental data. The graphical 
ty solution of Mr. Mensch’s formula requires t that an eccentricity of of one-eighth — = 
reduce the ultimate load to 70% of the ultimate axial load. 
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the paper is the value now universally called the of 
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Based on the authors’ analysis, it the helica 


forcement should be between 1% and 1. 6% for the economical use 


Pas 


the of core, steel helix, and concrete 
during the period of setting. Taking such factors into consideration, it seems. 
_ not t unlikely that the usual building code restriction of from 1% to 2% is not : 
only thos also marks the most use of the 


W. ZESIGER,* M. Am. Soo. E. and E. J. 4 Assoo. M. 
Soc. C.,E. (by letter) —The ‘desirability of data regarding the deformetions 4 
of columns, with and without, helical reinforcement, under working loads, — 
mentioned in in Thompson’s 8 “discussion. Information of of this natun "pes 


cylinders and plain concrete ‘cola mns under is fairly abundant. 


In such data the modulus of elasticity is given, and there is really much 
‘a better information regarding the behavior of concrete under loads up | to : ater 


to ascertain wherein helical reinforcement exerts ‘such an “influence on, the 


ultimate | ‘strength of a column thus reinforced. As stated in ‘the paper, the 

constants used in a formula should always be predicated upon the 
properties of the material at failure. In this manner only” is it possible to 


Se determine any given factor of | safety, since, as is well known, the. values of f, Cats 
ete., do not by any means vary i in direct 1 ratio to the load. 
The effect: produced i in ‘the diameter of the helix by: -the shortening of the 
under load, and its consequent lateral expansion, is far less than that 
Mr. Thompson. It is teally 80 small that it may be considered 
egligible, in \ all cases, as | the following extreme example will show. In addi- oe hy 
Tet = the length of one coil the helix. a mt 
f= = the compressive stress in the concrete. tet 
= the pitch of the helix when stressed. 
ty ea D, = the diameter of the helix when the pitch becomes equal to 8, 5 
= the diameter of the concrete core due to ‘expansion. 


* Engr. in Chg. of Design, Cleveland Metropolitan Park Board, Cleveland, Ohio. 
Engr., The Chemical Co., Cleveland, 
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D ne 
ssume that, D=6in.; s = 2in n = 27; 
bith 


* “lateral expansion of the concrete for this extreme case; for columns of larger Paey 


m is quite ingenious, but 


an ideal column will deflect without any force’ causing it to do s0, 


demonstration 
4 cause failure of a concrete column for values of — less than 100, and the 


z writers, ‘ented, would appear to be conservative in suggesting a ratio onal 

not greater than 80 as the safe limit. 

Referring to Professor. Eddy’ 8 discussion writers are uncertain 


whether he takes exception to their original u: use of the word ‘ “incipient” | or 
a implies that there is no station between the particles of a concrete column 


4 ‘mind a relation. the particles of a column such. that 1 motion: was 
on the } very verge of commencement, but had not yet started. This i is = 
ably a an incorrect interpretation and the word has, therefore, been omitted. — 

however, Professor means, to imply friction cannot. 
between the particles of a CO 
tion and shear, ‘oceur the writers 
unable to agree with him and feel confident that the consensus of engineer- a 
ing opinion ‘will not support his view. w. If ‘the latter i interpretation of his 
- Gacustion is correct it would be interesting to know how Professor Eddy — 

‘Teconciles his view with the fact that concrete columns d o not shear along 

r’ ‘plane having an inclination of 45° w 

__ Stresses would be a maximum and the iainie resistance a minimum along © He 


¥ The writers feel indebted w ‘Mr. Harder for his interest in their paper 
of their treatment of the that of Ri 
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Saliger. The practicability of thdoretical “applied ws 
se material such as concrete, is, of course, a matter of ‘opinion and Mr. . Harder 
SI has a perfect right to his views. A study. of literature pertinent to to the be 
= ject of concrete construction would ‘seem | to indicate, however, that by fee a 
‘the majority of the ‘design formulas now in use are based on theoretical pe 
reasoning. at boliding w4q ‘ion it 
Like Saliger, the writers originally made ‘same “error in 


ag (17), and omitted the term, , but later discovered their mistake. They 


cannot agree with Mr. Harder’s contention that Equation 17) does not 
obtain unless the helix is wound on the concrete core under tension. — Iti 3 
“an undoubtedly true that the concrete core in setting has a slight tendeney : 


a von ‘shrink away. from the helix, but this can be counterbalanced by assigning 


a oe ‘ proper values to the constants. On the other hand, if the helix could e 
wound on the concrete core under tension, the lateral pressure against the 
 eonerete would thereby be increased unless the tension in the helix could 
ag 


Sa - be adjusted so as to compensate exactly for the shrinkage | of the core, which tit 
eos _ is, of course, practically impossible, and Equation (17) would no longer. apply: 


Furthermore, the writers cannot agree with Mr. Harder that the omission 


of the term, —— nE” will simplify in any way the final result as _ give a 
Equation (21) and especially i in the working About the 


is that the former is theoretically more nearly correct. ovod? 
Harder’s attempt to show that | his formula, ne ned tie 


=f 


is correctl. tly deduced “writers? Equation (21), i yw s hardly successful. 
Although his demonstration is an example of 


‘ae tion, he seems to have lost sight of the basic facts on which the theoretical 


a aes but for that value of p’ only. In other words, fe’ is a constant for any given 3 alt 


@ concrete, whereas f, varies as As and consequently the: quantity of 

steel , increases, ‘the lateral restraint of the column becomes greater and the 

= vertical to “produce a lateral deformation that will 
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9 other 0. follows that the equation, ai’ Hite bith 


‘| The coefficient of p’ in the third term of the right- -hand member of Ms q 


of fy The equation, 


* that, unt until recently, writers have neglected friction in the concrete, will need = \ 


-ZESIGER AND AFFELDT ON REINFORCED CONCRETE 


— f,, is therefore, incorrect 18% any values — 


TORR TY 


equation increases as it increases, , whereas it should theoretically 


cannot be founded on on theory, bu but | must be purely empirical, _ Inasmuch as as 


‘ 


must likewise be considered erroneous; ods Yo. 
tn Referring to that part of Mr. Harder’s discussion wherein he states that, — 
_ “if one were interested i in the history of theoretical derivations, the statement — 


some amplification”, the writers are well aware of the fact that friction in the __ 
concrete had been considered prior to the of their paper. In fact, 


others, including Saliger, also into bud the great 
= of engineers seem to have neglected it even if they m may have been ae - 


Pe using Bach’s tests on prisms Mr. Harder seems to | confuse the strength k 
cubes with what. the w writers term the crushing : strength of concrete, a8 
» even cubes, when tested to destruction, will fail partly by shearing. Although — co 
the writers have never made or witnessed tests wherein the r ratio of height je: me 
breadth was 0.5, it would appear to them that, in ‘such a case, the ratio. of 
shearing to crushing failure would be ‘very small. A. ratio of 0.85. to 1. 


although still somewhat too low, would ‘represent more e near! correct 


tion between shearing and crushi strength ; that t is, 


m from Bach’s tests is in at 20 ie Siw 


ZESIGER AND AFFELDT ON REINFORCED CONCRETE COLUMNS 


& 4 ieas, ‘The writers were well aware of the complication of stresses in cyl 


a subjected to axial stress, as described by Professor Griffith. It was, 

= ever, and still is, their belief that the principal stresses causing: in 
& short » helically reinforced conerete column are s0- ~ealled shear and crushing. . the 
In using the expression “so- o-called” the writers have in mind that e every f 


failure, whatever its nature, or however it may be is in ‘Teall 


cerning the phenomena attendant on failure of the ‘material, ‘it is custome 2 


to ) speak of shearing failures, tension ‘failures, | ete. is the writers’ belief, cros 
“however, the ultimate cause of all these types of failure is some kind 


ie a. of tension. a In 80- -called crushing the principal factor r tending | to produce dis g min 
% integration of the material seems to be an induced tension at right | angles  § sire 

the line ¢ of action of the principal stress that is, tension along the periphery Ms shee 

As Professor Griffith thas 80 clearly stated, the majority of ‘tests on com tior 


to the attainment of precise data, and there is met need of further research . 
In ‘discussion Mr. Tucker states that certain equations are. 


a crete | columns t thus far ar reported are sadly lacking in the refinements a ad 


My alia”, that many of the conclusions are erroneous, ete. The writers frankly 
ae admit that they are unable to follow his criticisms. In view of the fact ‘that 
te Mr. Tucker 80 often gives an interpretation to their language ‘and mathe j 


a ey a “matics that is at utter variance with what is stated, they are constrained 
“believe that the majority of his criticisms are based on a misinterpretation 


Ps _ of the paper. Had he offered any proof of his various assertions as to the 

non-validity of the writers’ mathematics, ete., they would gladly have at 

In reply to the various points raised in Mr. . Feld’s, discussion the 

It is true that their mathematics assumes uniform shearing plane. 


se ae a They are aware, of course, of the fact that no granular mass will shear along 


ite ie a, single plane. The plane assumed by them is merely ‘the average of all 


ie, 


By the’ expression “Tittle ‘effect in “crushing”, 
writers do not mean to ‘imply that helical reinforcement has no effect. 
a. effectiveness i in preventing a crushing failure i is, however, so ‘much less tha 
e: pay 4 in the . prevention of a shearing failure that | it does not seem economical to 


use steel for the former purpose. ‘This’ is indicated by ‘the graphical repre 

; 2 farts (c) ‘There do not seem to be sufficient data available to indicate whether, — 
‘ if enough steel is used to preclude a shearing failure, crushing of the com 


Me 


crete will or below the elastic limit of the steel. 


¥ 

k 

may be designated, between the particles of a substance is ruptured, igno 

— 

the material takes place. Whether the particles are pulled apart, push seen 
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‘ZESIGER APFELDT ON REINFORCED COLUMNS 443 
Me. Feld is catvect in assuming that r is the radius of gyration of the oa af 
column. . The ratio of length to minimum width of column is undoubtedly — = : 
4 more simple quantity, but the writers are unable to understand wherein 
use o! of such a relation would, tend to minimize possible errors. Inasmuch 


for a a constant width| (or of column, the amount 


ignores it, the use of ratio rrr radius of 


Referring to that part of the writers’ paper wherein it is demonstrated 
a the e extreme fiber stress that will, ‘shear out a wedge must be about 1. 16 
times the average stress that will cause the column to shear across its entire _ 
cross-section, they did not state whether this extreme fiber stress equalled the 
crushing | strength of the concrete. ‘There a are few data from which to 

mine the crushing strength of concrete. It would however, that ES 


that ‘will’ couse 


4 ‘only to plain concrete columns. Mr. Feld’s statement, that the equa- 

tions ‘ ‘give the same possibility of failure for a g given load placed axially 

or with an eccentricity of one- eighth : the diameter,” is not correct even for 
concrete. The flexure that an eccentrically applied load will cause in 

8 y - appreciable length will produce an additional eccentricity — ee 
4 ‘resulting in an extreme fiber stress of more than 1 75 times the 


= nforced (especially helically reinforced) 
concrete perros in which the average stress approaches the crushing strength ms 
rN of the concrete. &E Even i in the case of columns ms reinforced only with 1 longitudinal ay 


or wire the steel resists a shearing — 


The writers were aware of the fact that shrinkege of the in 


figs will affect the value of the helix, but believed that the constant 


for m in their working equation “would tend to minimize this 
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PIPE TUNNEL UNDER | GOWANUS C CANAL, 


itH Discussion By Messrs. Ropert Riweway, J. 0. ‘Mew: ‘Some R. 

Henry Seaman, T. Kenwarp Tomson, FREDERICK are 
CHartes W. Stamirorp, F. O'Rourke, Anp L. S. Srites. 


paper describes the building ‘of tunnel under the ‘Gowanus Oi, 


from the Citizens Works of The Brooklyn Union Gas Company, situated 
between Fifth and ‘Huntington Streets, ‘Brooklyn, N.Y. of the 
tunnel is to carry gas mains from this manufacturing p plant and connec ct them : 


the distribution system, thus 4 a and circuitous detout 


: The tunnel is 136 ft. from outer to center of shafts, ann an oval cross 
i ai Ete, 10 ft. 8 in. high and 16 ft. 1 in. wide. The tunnel and shafts are of q 


steel plate, lined with reinforced conerete. The tunnel can accommodate t at 
30-in. and two 24-in. mains, with sufficient room for walkways on each side & 
ample space for repairs or replacement of the pipes. 
ae Me The outstanding features in connection with this pr ject, are as fo ows: =: 
‘The unique and i inexpensive method used, which consisted of 
ao -* ePcosivennay, assembling the steel shell on ways, , like a ship, launching it into me 
sheathed trench, and sinking it in position across the canal; 


a te (2) The co- ordination of the many details of the work, obviatin 

s The perfect utility. of the tunnel for the purpose for which it was 


Presented at the meeting of March 3, 1926. 
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TUNNEL UNDER CANAL 


ee The co-ordination of th the e work, insuring a minimum of delay, was ws doubly 
— by reason of the fact that all this construction had to be accom- ss 
plished without interference with the extensive navigation in the canal. oe 
“ The Gowanus Canal is lined with large industrial _ enterprises, including a 
greet railway power station, and their needs would brook no interference, 
e however slight, in the navigation of the canal. The canal is closed to naviga- ‘ ee & 2 


“SK 


tion from 5.00 Pp. to 00 a. M., and all day Sunday. Certain phases" of apy 
work had carefully co-ordinated with these periods. 
ae The condition which prompted the construction of a pipe tunnel under the mgs 
j Gowanus Canal was the remarkable grc growth, within a few years, in the + eee 


+ generating capacity of th the Citizens Works of The Brooklyn Union Gas Com- > re 
pany. One of the prime necessities for a gas plant is an abundantly a dequate a 
transmission system which will insure an easy “get-away” for the gas. The — i eae 
mains going through this tunnel provide a short cut eastward to 


general transmission system of the Company at 12th Street and Second 
Prior to if 1920, the capacity of thi this plant was 10 0000 000 cu. . ft. per. day. 
at extensive construction program was launched about that time, and, in 1923, est 
the capacity of the plant had been increased, by steps, to 29000000 cu. ft. 
_ daily, and additional transmission mains became absolutely necessary. — ont 
oy The Citizens Works i is situated across the canal from some of its important 
mains (see Fig. 1). The original 24-in. main from the Citizens Works took a 
us tortuous route in order to get around the head of the Gowanus Canal at Butler b 
4 Street, and back to a 42-in. main that begins at the 12th Street Pumping — - 
7> Station, below Second Avenue. The length of the 24-in. main from the 
H Citizens Works to the 42-in. main at Second Avenue and 12th Street i is penta 
mately 11 000, ft. Obviously, a much shorter line would be across” the canal, 
and along ‘Second Avenue to 12th Street, thereby eliminating approximately 
8000 ft. of transmission line. DOO CGD ess 
_ As a matter of fact, the original route could not have been ‘paralleled 
exactly with a second main as congested street conditions would have made it 
unreasonably costly; nor was it possible to go down Fourth or Fifth Avenues 
at a reasonable cost, because of the Brooklyn-h Manhattan Transit Subwa ay ul under 
“Po urth Avenue and the e elevated and trolley ey systems: on F ifth Avenue. The 
route. would necessarily have been to Sixth Avenue, and southward along — 
a Avenue, requiring an increased length of 2 200 ft. more, OF or about 13 ¢ 000 ft. 
in ‘all; and even this would have presented difficulties because of a large city 
water main running along part of the 1 route in Sixth . Avenue. — In any case, 
the laying of a main | along this route would have been complicated by the fact 
_ that it would cross the large Bond Street sewer, the Brooklyn- Manhattan 
‘Transit Subway line under Fourth and the same Company’s elevated 


oo along — Avenue. A careful weighing of the relative cost of these 
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more 
every respect. bed Bist fle andy Yo nodes 
aa As early as 1912, the accumulation of data relative | to this work was 8 begun, ‘ 
Consideration was given to a an aerial bridge, to. ‘support pipe 
——_ the canal, but it was apparent that the lofty rigging of thr boats using — 
_ the canal » would make this prohibitive, and that it would not be bac ‘esirable form 
ca a of construction, subject, as it would be, to storms, ete. This overhead line ve 
* _ ‘never ‘seriously considered, but : ~ was desired to exhaust the subject i in deciding ding # 
Having decided on a the ca canal, the next ouestions were the 4 
method of construction and the size and cross-section to be adopted. Com 
sideration ¥ was given to the use of a shield, but such a method, with its attend- 
- ant compressor plant and equipment, would have made the unit cost very high be: 
Bose for a tunnel of such short length. It was decided, therefore, to use the open: 
cut method, assembling the steel tunnel on shipways, conveniently spaced, 
, and launching it into a coffer-dam across the 


periods the was to. The extent ial 


shipping in this canal may be. comprehended: by the following figur , taken 
from S. 1 War Department d data, ‘the tonnag e and v value of shipping 4 
handled along this waterway: 
8.048.890 


|| 
| 
Ay 


and the of an oval form wit 
sides and semi- -circular ends. This shape gave a maximum area with 
minimum height, thus: reducing ‘the extent of ‘dredging, and “iteelf 


~ admirably to the reception of the four mains required, with walkways on each ‘ 


= and aint room for inspection, caulking pipe joints, or replacing lengths a 
cs The merest outline of the steps in the construction will visualize the work 
= a a whole before its details a and interesting phases are discussed. _ a | 
er Property was acquired on the ca canal just opposite the Citizens Works and 
hiipways. for the of the the. structure 
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of the factors influencing the choice of this type was the volume 
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‘delivered. in sections. After launching Tinto the” 


w 
previously built in the acquired property, the steelwork and concrete e lining 
were _partly completed. _, Meanwhile, the dredging for the shafts and the 


to a sufficient extent, was floated into place and sunk 

In Fi ig. is a general view of the site in December, 1923. ih the 

foreground the steel shell was erected and launched. . This had formerly been 

_s a manure dump, « and the clearing of the site for the coffer-dam and the e ship 

ways included a vast amount of fumigating for sanitary reasons. The total 

excavation for the shafts and tunnel section a: amounted ‘to about 7 000 cu. yd. 

| ete: work on the acquired property east t of | the ‘canal was comparatively 

simple, as there: was practically an open field in which begin, but on the 

“ Citizens Works: (west) side the dredging for the shaft was complicated by its 
j 

proximity to the « congested gas plant. * Inside the co concrete ‘retaining wall, 

» there are stored ‘approximately 20 000 tons of coal al (Fig. 2), and it was neces: 

+ sary to take every precaution to insure against any - settlement of this heavy 

and valuable stock. To the right, in the background, is shown a 5 000 000-eu, ft 

holder just previously erected. ake - 

> The first | shipments s of steel for the tunnel came from the Bethlehem Ship- 

‘building | ‘Corporation on December 14, 1923, and the last shipment on Jan 


ue. In the meantime w work had gone ahead on the Citizens Works side, dredg- 


receive the shaft of t the tunnel. { This work was complicated | by the proximity 


Ei ‘The next major operation was the he preparation of the trench across the canal 
to receive the he tunnel. This s work was begun after the coffer-« dam for the shaft 
on the Citizens Works side had been built. The bottom of the canal was 


| 
_ dredged to a depth of about 3 ft. and steel master t piles were dr driven on 10- ft, 


ary , , 1924, On January 15, the work of assembling the shell was begun. 4 
The method of assembling tee steel shell in sections on the launching cradle F 
is shown in Fig. 3. "9 The completed steel structure weighs about 264 tons, fi ‘ 


ing out the canal bottom, and driving ‘the sheet-piling'’ for the ¢ coffer-dam to 


of a future 1000- -cu. yd. overhead ash-pocket (since constructed) for which 
the structural steel alone amounted to more than 200 tons. 2 


“centers across the canal (Fig. 4) . As: finally , driven, the tops of these master vg 


piles” were 3 ft. below the bed of the canal. _ Their length was about 38 ft, 


so that they | were actually driven to a depth of 41 ft. below the bottom. _ Alon mg 


the outside of the master piles was the steel sheet- piling, driven down to the 


same elevation as the heads of the master piles. The sheet- t-piling was 20 ft. 7 


long, ‘and thus ; penetrated toa . depth of 23 ft. below the bottom | of the canal. 


ee driving of the steel sheet-piling was one of the phases of the work 
t had to be done while the / canal was closed to navigation. " On Sunday, 


“March 80, 1924, the master | piles and the | sheet- -piles for the north side of 


trench were driven across the canal, except for a gap of about 12 ft. on each 


side of the canal left open for navigation. . This work was started at 6 30 


‘a. M., Sunday, and finished at 3:30 a. m., Monday morning, March 31. a 


On the following Sunday a ‘similar operation for the other (south) side 


— 

— 
— 
— 

— 
— 

— 
bi 
— 

— 
— 
a 
— 
4q 

/ 

— 
— 

\ 

at 
— 


ONIMOHS “IVNVD SANVMODH ONI 


Gas 


t 


ty 


2 


— 
if 


the 


bs 


& 


wr 


win, 


| 

| &§ 


AND SHAFTS ALONGSID 


i> 


Procress ON New Gas 


. 


3 


1924. 


= 


ING OF STEEL TUNNEL 


_ Conpuctor, APRIL 6 


SHOWING ASSEMBL 


‘ ‘Fic. 4.—CITIZENS WorRKS, BROOKLYN UNION Gas COMPANY. 


| 

—— 
— 


3 


— 


O 
PIPE UNDER GOWANUS | CANAL 


across the canal was used for centering “those niles. 
rk o1 on assembling the steel tunnel and shafts was progressing rapidly (Fig.5). 2 
Incidentally, a total of 380 tons of piles was driven, of which all but about - 4 
ie tons for the coffer-dam was used in connection with the trench and shafts. — ee 
2 ‘The dredging of the trench between the sheet- piling was was then begun, and 
. sheeting temporarily braced. When the excavation “was down to the final 
evel, 22 ft. 6 in. below the bed of the canal, 24 by 24-in. . concrete braces were” 
eonstructed. across the bottom of the trench on 10-ft. centers between corre- 
ponding master piles and the temporary braces at the top. remnoved., The 


space between the braces was filled with gravel, to provide a secure level 


To meet the requirements of the War Department, it was ultimately nec- 
{ “essary either to drive this sheeting down to 20 ft. 0 in. below ‘mean low water, 
a or to remove it entirely. . The latter seemed the lesser evil, and all this piling = 
was pulled out, ‘approximately 108 tons of sheet and master piles 
eing recovered. APOE oll bow of? 
On April 19, everything was et for launching the tunnel, the barrel 
ad the two lower courses of the shafts having been assembled, riveted, and 
found absolutely tight. At 9:30 a. M., , the structure was released from the v ways a 
and without least difficulty floated into the prepared for it 
While tunnel was afloat in the coffer- dam, the : conerete. lin- 
ing was placed in the barrel, and by Sunday, June 15, the concreting had es 
i progressed to a point where everything was ready to float the structure across 
the stream into position, and sink it. At this time the barrel was within a 
few inches of being awash. _ The great weight of the: shafts, and, in counter 


: relation, their greatly increased buoyancy per foot while sinking, 


a 


tunnel might sink on an even keel, the two ends ‘of the barrel were bulk- 
headed, and when the structure had been towed to the correct position, the — a 
were flooded and the tunnel submerged to its final position. = 
a Fig. ‘Tis shown the steel structure towed out to its position the 
4 canal and gradually submerging» to the bottom of the trench prepared for it M 
_ With the sinking of the structure to its final position, the critical stages of rae 
the work | had been passed; what remained was comparative ely simple. The 
shafts were assembled to their full height, the sheet-piling across the canal was Pe 
drawn out, and the trench back- filled. es ‘The shafts were concreted, and the sec- be 
tion of the barrel that had not been concreted before the sinking, was finished. he 
.. The work on the reinforced concrete lining in the barrel of the tunnel is 5 a 
$3 While all this work had been going o1 on, n, the major part of the main from - 
the east tunnel shaft to 12th Street and Second Avenue had been laid, and on ae 
the Citizens Works side, the line from the Pumping Station to the Citizens __ 
4 Works shaft had also been brought up to a point where it was ready to = pa 


to the ‘mains going ‘through: the he tunnel. Tw ‘Two > 80-in. s were laid 
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ad Pree the tunnel, leaving ample room for two additional 24-4 -in. lines ‘i in 1 he 4 


Although the tunnel had built to stay perfectly dry as far as 
a skill could ensure this, provision was made for a possible flooding. Instead ‘of es . 
American Gas Association standard pipe, ‘American Water Works: standard 
Class “D” pipe v was selected, which is so heavy it will not float when the’ tunnel ie 
is filled with water. The slight additional expense entailed seemed to “justify 4 


this extra precaution. 


The ‘mains in the tunnel were connected to the Company's system on 
November 13, 1924. The tunnel and shafts are are absolutely dry. Both 4 ae Sa 


ie were made tight winder 10 lb. of air pressure before subjecting them t 
pressure, and as the working pressure of the gas is only one-half of that, tf 
- mains are e perfectly tight. Fig. 9 shows the two mains laid through the ca 


Structural Steen Desien 


7 lie tunnel is a combination of a rectangle 5 ft. 5 in. wide and two semi: 
ae sections of 5 ft. 34 in. radii, making the width of the tunnel 1646 
«0 in. inside the steel shell, and the height 10 ft. 7 in. . To take up the pressure 
on the straight « sections a longitudinal bracing truss was placed through’ 
center of the tunnel as shown clearly in Figs. 8 and 9 This truss was not 


number of pipe tunnels were 2 investigated in preliminary: 
Fig. 10 shows some of the comparative cross-sections, The final selection i 
really a compromise between the other two, _ combining the : advantages of both, 
3 without their drawbacks. This permits ‘two! 30-in. pipes on one side, and 
two 24-in. pipes on the other. The pipes shown at the extreme ends of the 
cross-section represent replacement sections and emphasize the adequate space 
3% available in which to work. As a matter of fact, this plan was modited 
Br a slightly. Instead of putting in two 30-in. pipes one on top of the other, 

fe were placed side by side, and the two future 24-in. pipes will go go over theall or, 

a. if it should be found necessary, two 30-in. mains can be added above, andes 

The shell is ‘made 1 up of g-in. and }-in. plates riveted to. angles bent to the 
 ghape of the tunnel. The circumferential and tangential joints are co 4 


with an exterior }-in. butt-plate. All rivet holes were sub-punched and reamed 

The steel shell of the tunnel and shafts is lined with 12 in. of 
‘eoncrete. This lining is designed to support the entire load acting’ om n the _ 

_ tunnel if, in the course of time, the outside steel should rust away. The 4 e: 

_ longitudinal steel bracing through the center of the tunnel sets against tie fF 


_ ‘The plan and sections of the tunnel showing the ‘general arrangement and 
the relation of the various appurtenances are indicated i in ‘Fig. 11 Jin 


ba The plotting of progress on plans and perspectives is an invaluable aid i 
co-ordinating the different the work and in eliminating vexations 
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PIPE UNDER GOWANUS CANAL 


Z unit, it it has no peer. It lessens the chance of halting the work for “lack of a . 
; ‘ tenpenny nail”. There i is a moment in almost every engineering project, when ft 
ow with the thousand loose ends that must dovetail not finished, or perhaps ‘not. 
ik begun, things look ¢ chaotic, and the - engineer in charge, wi with all his planning — i 
and visualizing, trusts blindly to luck. At that moment the labor spent on > ae 
keeping progress charts up to date more than repays its cost. 
3 ar In looking over the actual ctual work in its early stages: the engineer is apt | to a 
be in the dilemma of the man who could not see the forest for the trees. Be 
few plans” and perspectives on which the progress of various items of te 
ote work were m minutely and carefully plotted, w will illustrate the methods Ps 


progress of construction these charts hung on the walls 
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Walls Approx.: high. 
With Water Tight 
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ELLIPTICAL TYPE 
24° and 30° Pipes 
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— 

ea ‘ie a plan a and longitudinal elevation (Fig. 12) was plotted a daily r record ke 4 
of the dredging as as it proceeded. ‘Similar plans and longitudinal cross-sections 
were u used for the delivery of the steel and for the progress of the riveting and o> 
of the concreting. On these plans a colored patch covering that part of the 
which had been finished was filled in each day, so that there was available 
at alll times a chronological record of the work and a comprehensive picture of ee 4 
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UNDER ‘GOWANUS | 
ase the of riveting completed on the tunnel bj ais ‘ys. self- 


4 


ae: Each side the tunnel was provided and rails for a pipe 
truck to facilitate the handling of pipe (Fig. 11). ‘The of addi- 


of the present main, and tor cau or repairing the pipes. the 


time there is a minimum amount of waste space. SES 

Provision was made for pumping out the “drip” resulting “from the — 9) 


-— densation of gas in the tunnel. The mains in the tunnel dip toward the 
x Citizens Works side, which is deeper than the other, and | contains the drip 


~ operated by a hand- pump from the platform level. ‘No artificial ventilation _ 
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service the. 6th Street of: the Gas Company on the opposite: ide, 
‘Ee At the entrance to the Citizens Works shaft, both feeders are connected toa 
__ three-pole double-throw switch, and a 4-circuit panel board was installed which 


is s fed by either of the electric services, to 
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pal arc The lights are wired so that each set of 
controls every other light; thus, if a fuse should burn out on one circuit, the 
other circuit will continue to supply light. The same precaution has been 
- taken with the Edison : services ; if one should fail the other i is available, and 7g yi 
either of them could be connected to the distribution panel boards of the Ie sil 
double- -throw switch. _ This 3-way switch makes it possible to turn the light, ti 
on or off at either entrance of both shafts. Galvanized hot- dipped “conduit 


used. The fixtures are of the ‘vapor- -proot type, consisting of an 


4 In each fixture the screw-shell parts are ‘conneeted to the grounded neutal 4 
3 wire of the lighting circuit. By this method if, at any time, the screw shells 4 M 
A should become loose and come in contact with the metal ‘part of the fixture, ure il E 
3 since the fixture itself is grounded to the grounded arc or shot 
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7 him the light of experience gained in the prosecution of the work, the follow 4 


hat t the method used in constructing this short tunnel was most 1 


the use of an for driving the 


2 _. The contr 
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PIPE TUNNEL UNDER GOWANUS CANAL 


aa 9.—That the oval section is preferable t¢ to a circular section and ideal for 


this” a minimum vertical height, with 
and stenting maximum utility 


— work was executed under the direction of the writer by the Construc- a 


tion Department of The Brooklyn Union Gas Company. The writer acknowl- 7 Ky — 
-_ edges his indebtedness for the skillful aid of his assistant, Mr. W. M. Wepfer. bs . 
The ‘steelwork was designed by Daniel E. Moran, M. Am. Soc. OC. E., and Bw, 
the entire project was planned by Messrs. James C. Meem, M.. Am. Soe, O. E., ta . 
Chief Engineer of Frederick L. Cranford, Incorporated, ‘Oharles W.  Staniford, 
Am. Soe. ©. E., Mr. Maren, and the writer. Ma. Staniford was Consulting 
F Frederick 1 L. Cranford, 
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OBERT Riweway,* Past-Presipent, Am. Soc. Cc. E—It was a privilege a 
allies the launching of this tube and, later, to see oh completed work. Nota 


o~ leakage was observed, the tube being bone | dry, which speaks well for | 


structure so deep under the water. _ Altogether it was a successful Piece of 


es 4g seems to be admirably adapted for the conditions that had to be met at Gowanus 


_ work, both in design: and construction, and the designers, the field e engineers, 
; and the contractors deserve great credit for the accomplishment. The design 


- Some day a a rapid transit tunnel may be constructed under Gowanus per 


ae feasible and o1 one to adopt, “notwithstanding the fact that: such 
tunnel would demand a much larger cross- rsection and, therefore, would 

require deeper and wider dredging. ‘Certainly, the successful completion of 
he. the pipe tunnel brings it prominently to the attention of those who will have } 


The speaker whether a tube of “similar: aia be con- 


a structed under a wide stream like the East River where the traffic is very heary 


a _ a and the tidal current strong. If the practicable length is limited, _ what would 4 


“3 3% be the limit? Could the tube be built and sunk in sections, and the sections ‘ 
oe connected under the water? _ These are ‘Practical questions that would have to 
be answered if the method is to be considered for the c crossing gz of large water 


by: the shield method under compressed a air, cast- iron rings being generally used 5 


<4 —— the East River and Hudson River transit tunnels have been constructed — 

om developed as a result of the work under ‘New York waters, and its good features 


i. for the lining, with an inner lining of concrete. This method has been highly — 


7 id as well as its limitations are well known. It gives a water-tight structure which 


is believed to be be permanent and its construction does not interfere with navige- 
im tion. It is ‘costly to build, however, and increasingly so, 80, due “principally, to 
Ss _ the rising schedule of pay for compressed air workers. Whether this cost will 

Pes 80 high as to make it necessary to adopt some ie other m method is a o 


tae ‘that is being ¢ given serious consideration by engineers concerned with 


rapid transit problems, ( 


me For the four- track Lexington Avenue rapid transit tianel under the Har : 
lem River—a waterway about 600 ft. wide between bulkhead lines—the ‘open 
trench method was used, and the tubes were constructed and installed by the — 
same general method as that used for the Michigan Central 


ed: Se the Detroit River.t' The Harlem River tubes had a total length of 1080 


- ft. and were ‘sunk in five sections, four of them each 220 ft. long, and the 


fifth, 200 ft. long. The steel in each 220-ft. section, together with the side 
which answered for the concrete form, weighed about 750 tons. Th 
sections were e built, ship i is built, on the Bronx side of the ‘Har 


¢ “The Detroit River Tunnel,” by W. S. Kinnear, M. Am, Soe. C. Transactions, 
‘Soe. H., Vol. LXXIV (1911), p, 288, 


* Chf. Engr., Board of Transportation, City of New York, New York, N, Y. $$$ | é 
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eased i in concrete deposited by the tremie method, the conerete. enclosure 
= forming a structure 6 ft. wide and 244 ft. high. © The maximum nth of the — 


thieves was no ve biteh in all ‘the steps 
were co- ordinated and completed in an | orderly manner with little or or ee 
.s plication. The leakage is negligible. The report of the operating company, 
the Interborough Rapid Transit Company, for the month of December, 1923, 
a indicated an average leakage into the four tubes, including some leakage from 
a he land approaches, of 1. 27 gal. per min. for the preceding five ‘years. os Ca 
Inside the steel tubes of the Harlem River. Tunnel is a 15-in. lining of 1 rein 


jorced eed concrete, designed: to be strong enough to resist the external 


New York, the steel probably will retain its strength for many years to come, as 
there is no circulating water in contact withit. = 


_ J.C. Meem,* M. Am. Soc. C. E.—In connection with the author’s| 


oe ment that the cost of this oat was within the guaranteed estimate, the 


; ‘speaker considers that this was largely due to the the hearty a and generous co-ope 
ation of the author himself. fs 


As to the stre! th of the tunnel, both longitudinally and laterally, it 
not believed that ‘any method of tunnel construction adapts itself so ad- ea 
mirably to the greatest strength in either direction at relatively less 
. This is is because a 1 tunnel thus built may be designed fora eross- section adapted 2-7 
to the meeting points of the curves of strength and economy without refer- , a 
ence to any other function, such as resistance to shield operation, “excessive 
depth to gain cover, ete. The further fact that the section may be flattened a 4 
to meet the minimum requirement of head- -room, adds to the eco- 
nomical phases of construction and gradient. To oF 
Regarding the possibility the rusting away of the ‘steel shell, the 
. speaker believes that steel buried in’ soil under water will never rust out; 
e but rather that the initial rusting - will be confined by the soil and by thus : 
forming a rust-proof coating will prevent further deterioration. However, 
a it is possible to provide at small additional cost a protective coating of ¢ con- 
- erete or mortar, which will prevent for all time the > possibility of deterioration. — 
As to whether the tunnel can be ‘built in | great lengths, the answer is 
4 affirmative. ive,’ the method provides temporary buoyant shafts each end 
of sections about 200 to 400 ft. long. These sections are sunk by ba 
- bulkheaded spaces under the buoyant shafts and as the water rises in these * tie 


- Spaces and shafts the section sinks as described in the paper. Water- -tight a 7 
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ON PIPE TUNNEL UNDER : GOWANUS. 


diaphragms are placed at the ends of an section, and the end of the 

he oo section is brought by divers into full contact with the last submerged se section,” 

ae and then bolted. A minimum number of light bearing piles, cut off ff to grade, 

- enables the tunnel section to be brought to grade easily and with ¢ certainty, : 

= a ‘The temporary shafts are then removed and the tunnel is back- ‘filled. Late, 
a 3 the diaphragms are burned out internally and the lining is s completed. “he 
i Bs only requirement is that the tunnel shall have sufficient internal or integral ‘~ 
‘pao girder strength to overcome and ‘submerge the remaining buoyancy of the 
unwatered tunnel section between bulkheads. «ies author’s Fig. 7 shows j 


, a how it was carried down on a perfectly even . keel by its internal strength | 
between bulkheads ¢ and by the proper manipulation of the valves flooding 
s As to the adaptability of this method to a rock section, the speaker’s answer 
would bes that it is not well adapted to those trenches where rock forms . 
Be Ast to carrying this system into the approaches, the speaker believes that 
the experience had at the site described demonstrates conclusively that ap ap 
ee fe. "proaches may be carried by this method into actual city streets for consider 
“ae able distances, if pipes and st sub-surface structures are removed or by- passed. 
It was demonstrated conclusively, not only in the case of the sheet-piling 
= restraining the sides of the trench under the canal, but | particularly in that 
oa of the west shaft, that the combined pressure of soil and water back of sheet 
*: piling is not materially greater than that of the water itself, providing ‘the . 
soil i is below. the level of the lowest water at all times. 
a In the case of the | canal piling, the master piles, $8 ft. long, ¥ were first ; 
- "Grivens 10 ft. apart, and the sheet-piling, 20 ft. long, was then driven | between, 4 
resting at at an elevation 13 ft. below mean lov water ; 3 85- Ib., straight 
web, Lackawanna piling was used. The: master piles were 20- in, 
T-beams, v with a ‘standard sheet- -pile riveted to the back flange. hh the 24 


shaft, the n master piles ¥ were 58 ft. long, z, and the sheet- ‘piling, 38 ft. long, ay 

- to a full depth of 37 ft. below low water, no evidence of disturbing prema 
was noted in the case of a single master pile. In spite of the inertia of the ; 
=> Pe, master piles and the fact that much cribbing and rip-rap, as ; well as hardpan, 3 
was encountered in driving, satisfactory results were obtained by using a.No. 8 
- McKiernan- “Terry steam hammer ; in fact, it proved better able to to do the 
work than 3000-lb. drop-hammer. Much difficulty was experienced, more 
See account of the restricted areas of ‘operation, in ‘dredging the 

Pa hardpan, which appeared | when dredged to be a clayey quicksand, but so dense 
Bie, in its natural bed as almost : to exclude water. — Even when jetted, it settled — 

back into hardpan 80 quickly that the jet was not effective. The best eo 

sawe were 2 obtained with a a Hayward 3-yd. multiple-power, clam-shell bucket, alter 

>. nating Mead-Morrison, extra heavy, 3-yd. , orange-pedl 
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the canal piling was polled out. The foreman of the 

Charles Hegstrom, was responsible for yr the r rigging of ‘an ingenious device for 
- paling this piling, by reversing the steam-hammer and driving the piling up. ‘ 
‘summarize: The completion o of the e tunnel as shows 8 con- 
dlusively that it is possible, under proper ‘conditions, where it may | be 
gary to restrain the adjacent s¢ soil, to sheath and dredge a submerged trench 


without bracing; that it is p possible to construct a tunnel of as strength 


Joun R. Suarrery,* M. Am. Soo. ©. E—The constantly i increasing wages q 
it is necessary to pay -“sandhogs”, and the constantly diminishing hours 
of labor under the 1 various pressures that they work, make it of the utmost Ae 4 
-— importance i in the interest of economy to avoid the use of compressed: air in 
building tunnels. The author’s method supplies a a satisfactory solution, it at . 1, Be 

believed, for under-river tunnels in many cases. Mow M 

2 ‘The Board of Transportation of the City of New York has now before 

- the problem of building tunnels under the East River at 53d Street, Fulton fa 
a ‘Street, and a little later, ‘perhaps, at Rutgers Street. At 53d Street the tunnel — xa 

| will lie partly in rock; mostly in rock between Manhattan and eee ie 
Island. Between Blackwell’s Island: and the Borough of Queens, from what 

has been determined by boring thus far, there will be little rock. eas SS wes 


th There is a distinct limitation i in the possibility of constructing a tunnel | by ae 


‘tunnels, The U. 8. War Department requires a in the East River on 
_. The removal of rock under water can be economically carried out at the 
time only by means of dippe dredges. ‘The dipper dredge has yet 
- be built that will handle rock at the depth mecestaay to excavate a trench for hig 
: % tunnel under the East River. it may be possible to design such a dredge, but a 
AD would be quite. a step in advance of any dipper dredges that are now afloat. i 
‘ti is possible to remove rock at any depth with orange-peel buckets, but it is a 
 heart- -breaking operation. The best or. orange- -peel bucket that has ever been built, 
will come up time after time with a piece of rock no bigger than a man’s head. a 
- te It is a serious question whether the cost of removing the rock by orange- peel 
buckets would not offset the other economies in the trench method of con- iad 
struction. In soft material it would be desirable to draw up specifications to aba 


mit the use of tunnel ‘ides that would occupy more than one-third of the ees: 
1 200-ft. channel. That would reduce the possible length of s sections to about — = 
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§ At Fulton Street there is another problem, that is, the current and the % a 

= traffic in the river. The channel at that point is 1200 ft. wide. It is inten- 

led ¢ Be sively used and the current is swift. Dredges working in the East River, near See a ee 

' § the existing tunnels, are frequently damaged by towboats coming down the Bee 4 = 


400 ft. The question is as to thie abi a 0-ft ould 
the middle of that 1 200-ft. channel. te shat 


carry out the plan safely, it would be almost. essential to shut off trafic 


stated only to pull this se out of the coffer-dam 
at position and settle it. It [t might be possible to induce the War Department 

Gael to shut off ‘traffic for that length of time, ‘but it is doubtful. - Even if the War 

Be Department gave its consent, ‘there would be some e problem i in actually soming 4 

traffic; towboat men are not easy to handle. 

On Newtown ‘Oreck, where another tunnel is to be e 
are. not completed. ‘Newtown Creek has probably the densest traffic of 
a. stream in America, if not in the world. — Nevertheless, this ‘method could — 

_ probably } be applied there, for even if rock is encountered it will probably not 
be 80 deep but that it could be economically dredged. 


is one | other problem in connection with this method that Taises 


question as to its “economy; that is, , whether approaches ‘can be built without 
ah _ compressed air. If it is necessary to use a shield in the approaches, it is Le 
question whether it would be ‘economical to change the method for the 
section. For any tunnels of such Jong lengths as those under the Hudesa,® 
believed that this metho d affords the best solution. 
Henry B. SEAMAN,* M. ‘Am. Soo. E.—This paper describing so clearly 


novel method of construction, i is extremely interesting ‘and instructive 
_ from beginning to end. . ¥ et there is one, element which deserves particular — 
is, the driving of the sheet-piling to this depth, a and 
cor aS of master piles. This seems to have been the key to the successful execu- 
of of the plan. Other matters, also, such as the adaptability | of the 
ae to the y purpose intended, and its skillful prosecution, deserve the highest com- 
ag It would seem that the method here adopted could be applied to work of 
eae indefinite magnitude, and m we lead to a wholesome revision of tunnel methods. ; 
4) 7. K THoMson,* M. Soc. C. E—More than thirty years agoa 
oa bright i inventor tried to get the President of the Long Island Railroad, the late 


Corbin, to appropriate $7 000 000 to build a tunnel under the 


patent) to onan rusting! nan Mr. Meem has stated, iron has lasted for pas 
mation: but he should have added, “provided the water 
q is pure”. Steel does not stand rust as well as iron, and certainly the waters of 
= t New York Harbor are anything but pure. In at least one ce case in New York 
soe Harbor the inapuritics, . combined with the heat from a power station, were 


sufficient to quickly destroy several tunnel linings, successively, 0 of concrete, 


ie brick masonry, and stone ‘masonry, whereas wood lining lasted much longer. 
Elsewhere in this harbor, wooden tunnels have been destroys 


7 
: 


J 

* — the: West some one estimated that 10% of the cost of a dam was to be oe 


at 1¢ 


 gaved by building it of steel, instead of gravity masonry construction, but - 


‘e shortly after the steel dam was completed, it collapsed. , It was then found he 
that an 8-lb. hammer ¢ which had been lying in the water for a few months was was 
corroded due to the chemical impurities of the water. 
The ‘author, the consulting eng engineers, and the contractors are to be con- _ 

gratulated on their ingenious design, careful calculations, and successful work. — 3 = 
‘The speaker’s only criticism would be that a slight change ae — 

¥ have saved a large suin, without reducing the factor of safety. Time could By 
have been deved. ede cretequet s to teddy 

.» About twenty-five years ago, the speaker took out patents for a trench tun- a 

"i nel. The proposition was: (1) To drive piles and eut them off, one » row at ‘.. 

4 time, below the grade of the tunnel; and (2) to build the tunnel on floating — oh 

pontoons, in lengths of from 500 to 1000 ft. each, towing each section to the hl 
site and sinking it on the piles, the silt being dredged just before the sinking. 


One feature of these patents was a pneumatic ¢ caisson enclosing each joint, so a 
a that all the concrete s would be placed i in air instead of in running water. Some- aaa 


e times heat and chemical impurities will destroy concrete before it has had ee 
to set, even more quickly than steel will be destroyed. to 
5 _ A concrete tunnel with the roof and sides as well as the bottom 6 ft. thick, eryet . 

and with six x compartments, each ft. wide by 16 ft. high, will cost much 
less than the two 20-ft. roadways of ‘the Holland (Vehicular) Tunnel and 


would be a little heavier than water, 00 that it would not rise and fall, like 
the present Hudson River Tunnels, inversely as the tides, hour after hour, — 


after er year. The 6-ft. “water main under Toronto Bay carried Toronto’ 
# water supply safely for years, and then, suddenly, a mile of it floated to the — - 


a surface. No one can prove that the present tunnels will not last 1 000: pli 


z that they will last 1000 min. Then, if the bigger and safer tunnel costs much Pa: 


Regarding the length of sections that could safely be it 3 
just as easy to handle sections 500 to 1000 ft. long as a large ocean Sri 4 at, 
—s part of the excavation would be in rock there would be an -air- 


%e chamber under the tunnel sections for completing the excavation under com- 


pressed air. An improvement over er the device of sinking caissons over the .s 


would be to have the caissons att: ached to. the tunnel sections before 


‘sinking so as to telescope those already sunk. on] odt at 


The Treason given for rejecting this design for the Vehicular Tunnel was” 


4 that with six c compartments of 25 ft. each it would have too ‘great : a capacity — 
- for one location. To the speaker it seems absurd to expect one 20-ft. road- — 
i in each direction to be at all ample to connect Long Island and Man- _— 


hattan the remainder of the United States, through ‘New Jersey, even if 
¥ such tunnels were placed at nearly every block. Even yet the peak of auto- ee 

perfect | model of what can be accomplished in the of a sub- 
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and a under. water can seed dug ime 
x ae and that the water pressure against the sides of the trench has great *, pe 
= value in holding its ; banks even adjacent to important structures on the shore | 18 

cs The west shaft of the tunnel is right alongside a large sewer and _conerete ; | ab 
eee wall holding several thousands of tons of coal and within | about 40 of 

et 4 ft. of important buildings of the Brooklyn Union Gas Company. There was 4 i op 

a be no di disturbance whatever to these structures, although this shaft was not t braced —(«0 
any way, except by the cantilever value of the master piles. be 


_ The operation of sinking such a tunnel, by bulkheading and sinking it 
<a either with a permanent 0 or a temporary shaft fastened to the he ends, provides: 
a a control that is absolute and perfect. _ The buoyancy of the - tunnel having 
neutralized the sinking was exactly regulated by permitting water to 
enter each shaft, through valves | provided for that purpose; ; one man on. the 
, 4 top of each shaft could control the speed of sinking and maintain the tunnd — 
: perfectly level by the regulation of the valves. Conversely, should there ie | 
A 4 any slip o or hitch in the operation, by p pumping the water out of the shaft a 2 
tunnel can be raised to the surface again. ody 
r a The speed of sinking such a tunnel in navigable waters, is controlled by 

the size of the intake valves. _ This particular tunnel, with only 4in. ral : 
4 sank in the be beginning at the rate of 1 ft. in 6 min. and, , later, 1 ft. in 4m ; 
; ‘There is no reason why this speed ‘could not be | greatly increased if it were : 
pli bia s regards the economics of such a structure, a four- -track tunnel would be : 
vastly more desirable ‘proportionally than a single track. On large 
eS the economic gain very nearly multiplies as the size. Again, on small work . 
where the | necessary air plant and its operation is a large factor in relation to 
the value of the project, there would be an advantage in this ae 


M. Au. Soo. Bele: common with | the ‘i 


sS = who have discussed d this paper the speaker has often considered th the a 
¥ Boe ¥ possible adaptation of the method used i in this pipe tunnel to , deep river cross- 3 
and canal crossings adjacent to New: York as well: as to con- 
si) avo It is certain that in shallow crossings this tunnel method will be widely a 
"recognized in the future. ‘The difficulty of making land connections where the 
tunnel section proper ends may | be obviated by continuing tubes 
_ inshore up the . approach grades, u until a point is reached where the depth of & 
portal cut may be assumed economically | as an open braced excavation. oa ay 


ss This again illustrates the a advantage of the open trench method, in nm 
re the tunnel | may be built very near the grade required by the 1 navigation clear- g 
The elevations of the portal shafts, thus brought to a minimum depth, 


result i in less” grade to be be overcome on the approaches, with a consequent 
lessening in ‘the disturbance to property and streets, which | ‘is of 
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STANIFORD (ON PIPE TUNNEL UNDER GOWANUS an 

he sinking of the structural tube of — Gowanus Tunnel was kept under 

- serfect control by watering the shafts; after overcoming the air in the upper | 

8 in. near the x roof, the tube sank symmetrically at each shaft, averaging — 

: about 2 in. per min. _ The sinking was halted about 1 ft. _ above the bottom me ie 
of the trench for final alignment. There appears to be no reason why the — nae 
ve operation should not be duplicated from shaft to shaft by proper bulkheading. 

On account of the perfect control over the sinking operation, connection may __ > 
» be » made to adjoining sections by any of the various devices used at the St. a we) 

Clair Tunnel, the: Harlem River Tunnel, or by other mechanical means 


which may | be > improvised from the gained with this 


undertaking. 


District, | aoe: -bridges are are becoming a1 an impediment to the navi- 
3 gation and highway needs of even the present day. In these districts ary a 
oof the marsh land is unused, but is. rapidly being developed, each dock and 
3 terminal adding to the commerce on the streams, while the immense increase 
in the use of these highway crossings by motor trucks and pleasure cars E>; 
renders the frequent opening of the draw- -bridges a a menace to both. J a: 
from present progress, the time is is not far distant when these interferences will 
unquestionably prove a most serious- drawback to the growing navigation 


eeds; the new highways may | not be able to function | 80 as to permit of 1 the z ny 


n 
intensive use estimated to meet their great cost: to the States, and the rail- 


Fe built for it, offers at least one method that should henceforth Teceive the Bu, 
serious: consideration of engineers as a means of eliminating | some of. these - 
4. It was for this purpose that the speaker in collaboration with Victor 
= Gelineau, M. Am. Soc. O. E., Director of the Board of Commerce and Navi- hn 
‘ gation, State of New J ersey, has submitted to this Board a p plan for proposed — 
crossings of the Hackensack and Passaic Rivers to be built i in an open trench, 
the general plans cused in the Gowanus Tunnel. These similar tunnels 
4 (Fig. 14) are designed to take the place of two proposed 1 new draw- “bridges, , 
a where the conditions even at the present time create a serious handicap to 
‘proper ‘navigation mn and highway movement. 


‘ e _ Some of the outstanding features developed at the Gowanus Tunnel 


 First.— ~The adaptability and | pliability of the steel interlocking sheet-piling 
in holding ‘the sides | of deep ‘trenches, the ‘piles: being ‘driven from, 1: 14 ft. to Je 
about 25 ft. below low water so that the top line of the ‘submerged sheet- -piling 
o shall be in n permanent position below the requirements of navigation. ; abithe _ 
fink this tunnel not only the sheet-piles but the heavy 20-in. I-beams (the — 
Ls “master piles” which were placed 10 ft. apart for s support against lateral earth 
8 jen on the sides of the submerged trench) were driven well down by the | 
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‘Obviously, the sheet-pile trench might be omitted, and the 
ae, excavation made i in open -eut. This was considered but not adopted, not cay 
on account of lack of control of the slopes in the river bottom itself, but mo 

ile ala account of the danger of undermining the surrounding docks and strane 


ts and clear 


siup Tunnel 


bedi The excavation was further complicated by the remains on each side of the 


Crossings, the problem of excavation (Pig. 15) is much simpler than at the 
A Gowanus Tunnel., At those sites there is a blanket of mud of moderate depth, 


ca underlaid with good sand. _ Therefore, th the first under- ‘water trench to create . 


depth for navigation before the sheet- trench | is started, could alll be 


excavated most cheaply by pumping, using the material to be deposited on the : 


adjacent marsh lands to o make: them usable and valuable. 


‘Third. —The structural steel section built above ground under the most — 
favorable circumstances. It was tested after launching | and found to have F 


di ortion nd to hay eaks. 


~ Before being ‘submerged in its trench, practically three-quarters of hol 
- reinforeed concrete interior shell w: was placed. _ The tube then floated with a am 
exposure o of about 18 in., except for the shafts which were built high enough 
to give free" board above the level of high water when it hare been sunk to place. 


temporary -pile trench. . On ‘the other hand the Passaic and Hacken 
or + other similar tunnels, could be constructed in the open, longi- 


stream of old cribwork of logs. and rock. In most of the outlying: districts 
where tunnels may be required, and notably at the Hackensack and Passaie : 
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0’ROURKE oN PIPE TUNNEL UNDER G CANAL 


Ss a ‘The tentative section for these tunnels (Fig. 15) approximates’ the oval 


Gowanus Section. _ The section for the four traffic lines shown could be modi- — Cae 
to approach 1 more nearly rectangular form, similar to large scows and 
 qailroad car-floats. The longitudinal trusses between roadways offer oppor- 
tunity for study in the development of longer ‘sections | between shafts before 7a 
a even of a combination of one intermediate and two end shafts, 


- which would still leave the length short as compared with a moderate sized ae 


ship. Lengthening the sections before launching would measurably 
4 ~ the cost, on account of the lesser number of under-water connections to be — a 


YY) YY _ 


- ged-Trench d Step - Drive Sheet Piles 
ad 2 trench between sheet piles 


T int red 


it 


Sees comparatively rapid and free movement down the ways by gravity, the : 
control being tackle attached to anchors at intervals. pil 
a For future tunnels built on this principle it is easy to conceive of much 


ir. units, by planning t the side launching ways on a flatter slope, or on a. 


ror 


slope whereby the tube would be pulled down the 1 ‘ways from the front t, an 


Pifth- —The excellent general : appearance that may be obtained with t the 
simple steel shell and reinforced concrete lining. ‘With ordinary rubbing and 
painting after the > removal | of the forms, the interior presents the ‘appearance | 


| 


fe a well- -lighted, white enameled room. The spiral stairs at each shaft, easy A” 
Y walkways for inspection, ample room for handling pipe, and for work , in case oa 
_ of renewal or repair, together with absence of moisture, all indicate what 1 may : 


T 
be expected from the same tunnel methods applied to vehicular or transit oom 


a Joux F. O’Rounxe,* M. As. Soc. C. E.—The design of this pipe iil 


al the manner in which it was constructed meet with the speaker's entire 
approval. What is said i in regard to the earth pressures at the bottom of the 
"excavation corresponds with a similar experience with the ground around the | aS 


foundation Piles under the piers of f the Wisconsin River Bridge of the Chicago, wee ay 


Burlington, and Northern Railway ay Company, at — du Chien, Wis, 


Cons. Engr. New York, N. 


Fourth—The side or lateral launching of this tube on a 
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dia It was necessary to saw off the | piles about 10 ft. below the bed of the # fen 
‘The sand rere the piles within the area of the foundations was removed 


"remained undisturbed while the piles were being sawed off and the toning 


ing that no lateral pressure existed in the ground. lo 
Referring to Mr. Thomson’s statement in regard to the “floating” of the 4 - 


¥ 
Hudson River tunnels, it was the speaker’ experience that the ground t 
3 was also” free from lateral pressures. This was shown by the fact that the 
.: : clay of which the bed of the Hudson is composed, took almost a year to close xe edt 
- im fi finally around the tunnels, with the air pressure in the tunnels during ¢ con: Pha 
. Ne struction usually about equal to that due to the water above the river = ae 
a balanced the water - pene and left the clay free to move if there Sn 


The so-called floating of tunnels is nothing more the 
Se ection of the water of the river on the mass of clay resting on the rock k about 


; aR 200 ft. below the bottom of the tunnels. This. was measu ured by a ‘steel ta 
os, rod extending through | the tunnel bottom and fastened in the rock, which q = a 

a _ showed that the tunnels moved up and down about * in. between high and nd low. ri 
3 ey This 8 movement was continuously recorded by m means of a clock m ‘mech OW 
anism with a pointer which gave a continuous curve, considerably magnified, 
each 24 hours. The b bed of the river was shown to be so elastic and sensitive 
to the varying pressures of the e water that it was possible to determine the 
airs * actual rise and fall of the tide each day from the movement of the tunnel. This | > on 
a intresting fact shows how stable the undisturbed clay in the bed of the Hudson Pes 
a ip ; a ‘River really is and its reliability for carrying loads without settlement when 4 G 


: they « are properly limited to the ordinary practice for that kind of ground. a 
Sries,* Aw. Soo. C. E. (by y letter) — Answering Mr. 


ie question, the reinforced concrete lining is designed to support the entire load 


crc 


_ iy ee Thomson sug; suggests a slight change of design. All things are poss ible, 5 iy 

a and there is no one thing that can be done perfectly. _ A third person often 4 .. 
“sees how the originators could have improved a particular conception. . Ih the 
present instance, however, all types of cross-sections, and, in fact, the: ‘ 


elements enteting. into this tunnel were carefully Weighed. As Mr. Meem 

y 

points out, the "design approximated the meeting points. of the curves ‘ot 


strength and economy, and having developed a cross-section ‘answering thi 


"requirement and the purpose” for which the tunnel was b built with a mi minimum | ee . 
of waste space, it was not. ‘considered good engineering to eliminaté e furthe 


* Constr. Engr., The Brooklyn Union Gas Co., Brooklyn, N. 
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STRESSES IN THICK ARCE ES OF D AMS* 


Disoussion BY Messrs. Wituiam Cain, a. ‘Harris, Lars R. Jorcen-— 

SEN, Freprik Voct, Grorce Paasw W. A. Perkins, Frep A. Noerzu, 


_ The stresses in arches” as parts of,an arch dam are determined 


— 


a . on ‘the assumptions that Poisson’s ratio is zero and that the vertical downward | er 
“aa : stresses produced by the weight of the concrete and of the water acting on the © ony 
upstream face are negligible; it is further assumed that t the modulus of elas- 
ticity i is constant and that normal planes remain plane, so that deformations 
to shear do ‘not influence the distribution of the normal stresses due we “ 
“Making these the usual assumptions the writer finds formulas for 

ie which formulas are identical with those developed by Cain, 
Am. Soe. E. This : ‘serves: to check the method of development used in 

Poisson’s ratio is then | finite and the structure is considered as 


tk n arch rather than as a straight beani, that is, the actual position of the neutral Sg 
axis is is found instead o of, as usual, assuming it to coincide gravity axis, 
and the stress distribution is determined. 
+ The introduction of I Poisson’ s ratio and of the correct location of the Pa 
"neutral axis does not ‘seem to influence. the final results ‘materially, except 


fe 
short and thick arches. ‘The influence of ‘the vertical stress is found to 
e influence of temperature variations, swelling, and shrinkaae is investi- 


gated; the formulas make it to assume different conditions 
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IN THICK ARCHES OF DAMS 


for the up-stream and for the down-stream faces. = his ¢ assumption is probably |: 

‘nearer the truth than that ofa a uniform change of volume for the entire ‘section = be 

an arch, as the upstream face, when loaded, is -water- -soaked, the ex 
Bo — stream face i is not, or perhaps toa lesser degree, depending on the thick- ae de 

3 ee ness of the arch. . Also, the temperature of the up-stream face is likely to oof 
from that of the down-stream face. ‘The influence of the part of the st 

i water pressure that is carried by the dam considered as a cantilever and the > a 


effect of pressure grouting are also investigated. the 


_ The stress determination made by the use of Lamé’s formulas for thick s «fe 

hollow cylinders and of Airy’s stress function ‘is on the assumptions that a 
modulus of elasticity and Poisson’s ratio remain constant, and does fe 
involve any of the other usual assumptions greviowsly mentioned. Judging 
a: a". from the thick and rather short arch investigated, the usual assumptions a Eon 
fairly accurate for’ ordinary arches i in arch dams, but the more re nearly correct 

formulas here developed show a somewhat stress 

It is shown that radial sections cannot 1 remain and that the > correct 

- a stresses cannot be found unless the deformations of the abutments are e taken se 

The influence of the variation of the modulus of elasticity on the stress 
en tribution is discussed, and it is shown that this variation tends to maketh § i 


stress distribution more uniform than if the modulus of elasticity were to 
A remain constant. Tables and diagrams ¢ are given to facilitate computations. — 
sf omd The theory of the secondary arch is ‘discussed. and convenient approximate ; 
formulas are derived. Approximate formulas are also given for an arch withs 4 
j Ea te It is shown that the swelling of the up-stream face due to water- soaking 
produces an up-stream displacement of the arches and a down- stream deflection — 
of the cantilever; the deflection of a gravity , dam due to the deformations of the — 
foundation i is also investigated. These factors are shown to be of relatively | 
great magnitude. The usual methods of dividing the lo ad between the 
id cantilevers and the arches, which | neglect those factors, cannot lead to trast 


a 


vee 


tr “4 is now under construction by the Los Angeles County Flood Control District" 
ig estimated cost is $1 750 000 and the saving, compared to a ‘gravity dam, is 


‘in excess of $1000 000. Besides, the constant angle ‘arch dam has a much 


factor of safety than the gravity type. 
investigating the Pacoima Dam with the Cain form nulas in the usual 
_ manner, that is, neglecting the influence of the vertical stresses due to ‘the: ‘ 


weight of the concrete, tension is found in the thicker arches. In order to 


—— A license arrangement has been entered into with the patentee, The Constant Angle 7 
Company, San Calif., to furnish the design and occasional inspection 


\ 
4 
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ARCHES OF 
Se transmit elem, about $60 000° worth of steel in place 
be necessary. The question, therefore, arose as to whether this tension actually 
existed or whether it was to be attributed to inaccuracies in the theory used in 
eee, eterminin the stresses. It will be appreciated that the proper determination ps 
of this question is of considerable economic i importance, especially : as the con- 


KITE LIST 
stant angle type “offers ‘opportunities for rational design, that the constant 
type cannot offer, and as it is likely to be increasingly used, 


In discussing Professor Cain’s methods the writer has shown* that ‘these Ge 


Fes & 


— 


hick § abies to the formulas for straight beams when the radius approaches infinity 
the eS and the central angle approaches zero. 7 In deriving the ordinary bending 

not formulas it is assumed ‘(see ‘Fig. 1), that Cy = 0, ‘and that Poisson’s ratio, 
ed ek. 0. In reality, ¢ 6, produces an elongation i in the direction of 6, 6, Which will — ea 
rect ‘modify the stress distribution. W hen the thickness of the beam is small com- 
i pared to its length, as is generally the case, the influence of oy is quite negli- 
a Hee gible; but when the thickness i is large | compared to the length, the influence of © 


“a + becomes greater, and for a very short beam oy may be greater than o,. This — 


ig one reason why the Cain formulas cannot be expected to hold for very short 
a arches and still be fairly accurate for the ordinary arches of arch dams. An- 
other difficulty encountered i in . attempting 1 to determine the stress ¢ distribution _ 
So in very short arches is due to the restraining action of the Sa 
may influence this distribution throughout the entire arch. . This difficulty me. 
BY well known from the uncertainty in the determination of the stresses at the ae 


_ foundation of a gravity dam, where, unfortunately, they are greatest. eoees 


od 


i ‘Tn ar an arch dam arch action and cantilever action exist simultaneously. ogg 


insure this double action, contraction joints” should be provided at suitable 


intervals and these joints should be pressure- -grouted after the concrete has _ 
: set and cooled, that is, after most of the shrinkage has taken Place and the 
_ temperature of the whole structure is. } near its minimum.+ This provision n also 


nds” to. tends to eliminate internal stresses, as the contraction joints permit adjust- 


* “The Circular Arch Under Normal Loads,” Am. Soc. C. E., Vol. LXXXV 
(1922), p. 254, and Professor Cain’s closing discussion, p. 272. 


_. ¢“Improving Arch Action in Arch Dams,” by Lars R. Jorgensen, M. Am. Soc. C. E, 
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STRESSES IN THICK OF 


‘ments: of ‘the va parts of the dam. ‘the pressure routing, 


 inereases the vertical downward stresses in face, which is 


That some some skill is necessary in order to insure a continuous struct 


illustrated by the 1 Mulholland Dam, completed i in December, 1924, by the City 7 
Water Department of Los ‘Aiea Calif . The dam is ‘goat 200 ft. high and 
is a s0- ~called gravity arch, in which all. or a large ag of the load i is carried 


ee cantilever, provided no u , 1925, while the ¢ air tem 


— large and could be traced on the down- stream face down to the re 

and on the up-stream face down to the water surface, which, was about 30 ft. 
= crest. wr here was not 1 much leakage, probably because the concrete 
_ inside the dam had not had time to cool. It is hardly safe to assume that this a 

str ucture can act as an arch dam, which requires a continuous structure, 

- ‘The contraction of concrete due to setting may amount to as much as 0 
oe and the thermal effect should be added to this. If a modulus of elasticity ‘a 
2.000 000 be assumed, the shrinkage ‘of 0.0002 is. equivalent to a tensile stress 
_ of 400 Ib. per sq. in., or if Poisson’ s ratio is equal to 0.125, a vertical compres: 
sion of 3 200 bb. per sq. ‘in, would be necessary to compensate for a lateral 
shrinkage of 0. 0002. ih the thicker part of a dam no doubt the ‘shrinkage 
“s much less than 0.0 0002, and the water, being under considerable pressure in con- 
tect with the up- fone. may y aleo help $0; prevent the concrete from drying. 
7 vee oe out. F When the up-stream face is continually wet, a swelling of about 0.0001 001 
may be expected. «| Little is known ‘regarding the volumetric changes ; of mass 

ron concrete, , the individual designer usually making his own assumptions. . The 

re temperature ¥ variations inside a great mass of concretet are known to be amall_ a 
after the ‘chemical heat has been dissipated. ches daw 


In designing an arch dam, it is to determine the stresses due 


a the water pressure in two parts on the assumption that the arches and canti- ee 
levers divide the load and that no volumetric changes (due to o temperature, — ae 
swelling, and shrinkage) occur. Then some assumptions must be made regard- 
ing temperature variations, swelling, and shrinkage, depending o on — the dam 

a It is 3 planned to install i in the Pacoima Dam some resistor type of fearon ; 


7 


A 


Berscnr changes d due to temperature va variations, shrinkage in setting, effect — 

of water- soaking, etc., will determine howe effective the pressure grouting is, and 
suggest the best method procedure for accomplishing this. grouting. 
"Proper pressure grouting is , essential to insure co-operation between the canti- 


a 


; levers and the arches and to prevent tension from developing in the arches. 


r “Shrinkage and Time Effects in Reinforced Concrete,” by F. R. McMillan, M. Am, Soe. 
E., Univ. of Minnesota, Studies in Engineering No. 3; see, also, the writer's — 

- cussion in Transactions, Am. Soc. C. E., Vol. LXXXIV (1921), p. 103, and eT aa 
«Pig. 36 on p. 104, reproduced from Professor MeMillan’s paper. bes 
¢ “Temperature Changes in Mass Concrete,” by Charles H. Paul, M. Am. S 
the late A. B. M. Am. Vol. 
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STRESSES “THICK ARCHES or 


lat The p purpose of this paper is to study the stresses in thick arches, including 
the influence of Poisson’s ratio and of the vertical compression due to nese 


"Professor Cain makes two assumptions which, for short thick arches, are 


ad That the rotation of the section of the arch brought about by the — 


uniformly distributed normal stresses, that is, compression or 
« That Poisson’s ratio— = 0. The customary method of 
stresses in an arch, by the formula: 


i approximate, especially when — _ is large. In Equation (1), Pis the thrust; 

“4 M, the meg ; and ¢, the thickness. For pg arch dams, — may excee ed 0.3 cor ia 

whereas — = 0.3 is the largest value considered by Professor as 

is not involved in the Cain formulas and is, 


fully aware of the but the writer er believes that 


siderable error. That this e error is on ‘the side of safety does not 


as it is the tension in an arch that limits the of its: use in dam design. 


eh As the i inaccuracies 3 of the assumptions made by Professor Cain are inap- 


more accurate assumptions, should Professor Cain’s for 


nall values of ‘This is actually the case, for the stresses and for 
= Professor Cain’s formulas may be derived in the following manner, which — 
= lends itself better to the present investigation.* The water pressure acting on 
outside of a cylinder of mean radius, and radial thickness, external 
a radius, r, Te, and internal radius, Ti ‘causes a shortening of the mean radius i in 


3 that the center line of the cylinder moves from A B to A’ B’ (Fig. 2). If, now, 


Only arches cencastré will be considered in this paper. 
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since eh dam i is s fixed at the abutments, the arch be slid back 4 along C A s0'that 
the point, A’, comes to A, the t point, B’, goes to D (A. A’ = = BD). Note that i 
_ the crown section has not shoes rotation, but i is still parallel to the center eh 


now be applied ‘at the crown. a force, ¥ to pul 

ea point, D, back into the center line, C B @D does not go to the point, B " ay 
3 


however), and its point of application "A ft. - from the « center, C, be so ue 


a 


_ mined that the crown section does not undergo rotation, then the same stregses 
; 8s Professor Cain obtains should be found by combining the stresses due tp 


water acting on the cylinder and those due to the force, X. 
M3 In the following discussion all deformations are éonsidered as positive 
when they are elongations, that is, an increase of length, and all stresses are é ¥ e 
considered positive when they bring about a positive deformation, that is, ten- 2 re 
sion is taken as Positive. The force, Wie in Fig. 2 is taken as positive when | 
acting as tension as indicated and the water pressure acting on the | up-stream 
face, py, is also taken as positive, so that the radial stress produced at the 


face by Pa is negative. % Displacements in the ‘direction 0 of 4 X are 


taken as positive and likewise displacements of the crown section 


} pay Tmt? 


> 


ahd The displacement, e=AA’ ,in Fig. 2, computed from the ordinary cinder 


_ a al in which, Pm is ‘the water pressure ‘dathere’ to the center line, so that 

Pa and E both in paynds foot, and t, Ter Tm and e being in 
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in the direction of X. At the same time, X produces a movement at right 


angles to its own line of action ; this will be considered later, when the deflec- 


In order to check Professor Cain's s formulas, i 
assumptions made by him. That is, the ordinary cylinder formula 


tributed ‘normal stresses must b ne 
\ 


ye 


must be used to determine A in Fig. 2.. aie of auh x Yo row ed 
moment at any section of an arch due to X = = 1, is, 


Mi is iat. as as positive when it t brings about an an elongation in 1 the extrados 


e 
‘A 


the crown in the direction of X and in the of the 
& BC, of the arch, which center line i is nit teen to the direction ime Xx; = 


The tow. 4 of. di, “gine chase 
8 tes movement of the crown section in the direction of x due to oO = 1, is ae 


made up of three parts : (1) That due to bending moment; (2) that due to Rs 
direct normal stress, in this case, tension ; and (3) ‘that due to shear. The 
‘moment i is given by Equation (5). it brings about a rotation (Fig. 3), 

4dg in a short — of arch, rp, situated at an angle, from the 


of X due to the binding: moment produced by X¥=ib. acting 
on an arch slice 1 ft. thick, isthen, 


of ‘ae 


| 
Introducing the v: value of M and d@ from Equations (5) and (7 “ae 


* Transactions, Am. LX xv 1922 237. 
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hat 
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ter. water pressure, as that formula follows from the assumption that Poisson’s 
—satio. — = 0, and the rotation of the crown section due to, the uniformly dis- 
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STRESSES IN THICK ARCHES OF DAMS = 


2 [4 - sin (sin - sin 2 


“unit ‘direct normal 's stress (in this “case, tension) is is (Fig. = 


the displacement of the crown section in the direction of X due to 


= it ma bail ak + 


a » The unit shear stress ws and the displacement of the crown ‘Section in 4 


the direction of X due to the stress produced by X= = 1, is, odd 


—- sin 2 @ 
2 


ay 3 


is on the austniption that’ ‘the ‘distributed the section 


according to a that = 2.4. It would be more correct 


§ 


{or m 


ROLLA bourt 


“hale distribution i is not to be exact. = has value 


Fig. 4. Fig. 5. 
24 Ww hich will be used herein. The total displacement of the crown in the 


direction x due to = 1, is, 


eg a A * 
q Asser) ¥ yoy yu + yn t+ 
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‘STRESSES, IN, ‘THICK ARCHES oF DAMS 


at 


crown section must over a e'sin 
bs in order to bring it back to the center line. _ As the foree, X = 1, moves it a rey 


ai stance, y, the e total force necessary is, ods 


4 
total compressive force on any section of 
water pressure is Pg Te = Pm Tm and, therefore, the resulting’ are: 


By M, =X cos %)) “for 
Equations (15) ana (16) with equations, it wil 

be seen that the writer’s X is equivalent to Professor Cain’ 3 @ + — P,). ee be a 
order to check this, substitute e e from Equation (2) and 4 y from Equation (13) 
in Equation (14). This gives Professor Cain’s Equation (10), with fqken 
_ from his closing discussion} instead of D, since shear is included. The ro 7 ‘ae 
or lead, aieatieny to identical results, as they should. This affords a By Le 


A. 


OF ov Mone Accurate 


brought about by uniformly distributed stresses produced 
_ bya force, X, acting at the crown section ; he also assumes that the neutral axis 
- coincides with the gravity axis, which is true for straight beams. The deforma- — 
tion brought about by a uniformly distributed normal stress is shown own in Fi ig. ¥ ats 
where Section ADB is brought to Seetion A’D’B’ . The section remains radial, 


— the elongation of each fiber; ; is ‘Proportional to its distance from the; 


In the preceding treatment, the stress on the radial section due to X was) 33 a 


as composed of: (1) uniform. tensile | stress, with a resultant, 


~~ 


| 
ae 
mn in 
= 
tion 
to 
if 
The: 
alue 
» ae 3 
= 


STRESSES) IN ‘THICK’ ARCHES! 0% DA} 
ae x cos be acting at the center of gravity of the or: : distance, 1 Tm 


(te from the center C3 moment, M = cos 3g) and, 
\ 


(8) a shear equal to X sin $. 
Se The uniform tensile stress produces rotation, , as | shown i in Fi ‘ig. § 5. The 
o. convenient : manner of taking this rotation into account is to express the stresses ; 


Base an produced by 2 xX’ ‘as: (a) A tensile stress with a resultant, X’ cos d | acting at 3 


~ 


the neutral axis a distance, r,, from ‘the center, C; (b) a “moment, M = 
— cos ; and, (c) a shear equal to X’ sin 


ee ‘The tensile stress is now no longer uniformly d distributed, but the longa. 


ahd tions of the various fibers are » independent of r, the distance from ‘the center, 0 


mee (see Equation (25)), 80 that the rotation is produced by M’ alone, and A’ is is 


a determined from the fact that the rotation at the crown is zero, that is: a “3 
‘This assumes s that E I are.constants. 
won 


RA 


af 


git whe 


ai ei DETERMINATION OF THE Force, X’ rd tuede 


the the reasoning given in Article 


te 


* Bach’s “Elasticitét und Festigkeit”, 9th Edition, 502; see, also, Ostenfeld’s “Teknisk 
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4 ] s the natural | 


difference between I’ and I = is always small. For 0.3 


= 100, =0. 0076, ¢ = = 0.75427 ,and == 2 245.74, while J = 2 250, or 


erence of only 0.19 per cen or — = 0.6 an "4 
0742, and V= 17 878. 16, while I= = 18 000, ora difference’ of only about 


0.7 per cent. Consequently, I may alway: ays be substituted for I’. 


> 


displacement, Ms the crown section in the direction x’ produced 


by the bending moment, M’, due to X’” ="1, may now be obtainad exactly as in 


he ticle Tit by substituting i in 1 Equations (5), (7), (8), and (9), M’ for M + 
A, and r, for rm. Then: ent af} — — * 
The tensile stress is not now uniform across the section, but the elongation p 


of each-fiber is independent of r, so that the — distribution is given by: wt oie: 


MBS X = of) (9a) ( ove) anoliaivolas ods 


2 of at anode ody Be oul? ae bevited at 


From Equations (21) and (22), oa joa bie ef? bawoy 


— 
nd, ‘Vie 
= 
seg 
rat 
ga. 
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IN THICK AROHES OF 


According to Equation om the stress at the n neutral axis i 


n, measured on the neutral axis, tn 


+ — sin2d¢ 


sti 


EI|* ( 


| A’ (¢, — sin — 7, sin dg, — — — sin 2 ¢, 


1.94 — 0.47 sin 2 9, 


it is more convenient to introduce 


eee 


wee eee 


measured on r,, instead of on rms so that, 


Professor Cain has called the writer’s attention to the fact that r, and not r, should 

7 used in this equation and also has pointed out that the error was most likely negligible. Mey 

simplifies the calculations (see Equation (56)). Moreover the coefficient, 2.88 = 1.2 X 24,8 

- mot exact. The value 2.4, has already been discussed in connection with Equation (12) ; ti 

are factor, 1.2, is derived on the assumption that the shear is distributed according to a - 

“4 and is derived for a straight beam and not for an arch. Also, this coeficient, 12, is a2 
average value found by the work formula and not an exact value. ne 

_ The actual value of the coetipent, 2.88, as determined by the ‘work formula tor he 
considered in Article xm, for. whieh, 08, is 2.68 for ‘Poisson's: ratio, 


— This stress distr 
10 There ’ ‘sd 
— i 
( ) &§ 
— oda 
— ) 
\ 
— 
— 
— 
— 
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, if Poisson’s ratio is assumed to be zero. T © correct 


value for ¢’ will be in le 


the stresses by’ x esting: at t the te 

"more convenient to locate the two equal but opposite auxiliary forces, XY’, at ty 
“t 80 that the resulting tensile stress is uniformly « distributed and equal to 

The ‘moment must ‘then also be referred to r,, and is M 


the neutral axis (see Fi ig. 6). F the: ontendies and 


AR 
stresses at the extrados and are then 


Ih ‘Equation (1), k = 6. 

error. 


must added those produced the 


VIIL. Dug To Water 


4 assumption that Poisson’s ratio is zero is not correct for thick cylinders. 
The stresses and deformations for a thick hollow cylinder, are* (see Fig. g. 7): : 


— 
—— 
— 
— 
— 
af — 
«| 
— 
‘es — 
the bending — 
ues of —, this may lead to 
ion degrees from the crown 
water pressure, Pn eo 
iii 


= 


od. 


STRESSES IN. OF DAMS 
3 


( 


Peas Here, p, is s that part of thé ieee’ pressure which is supported by the aril : 
me will be seen, both the tangential and the radial stresses are independent of the 


axial stress , Cay as s they should be for a cylinder. That is not true for an arch 


dam, for the reason ‘that the vertical stress, oz, influences the deformation) 
38 —The tangential deformation, ¢. Tf i is the vertical stress produced by 
weight of the: concrete above the arch 1 under consideration and by the 


ail 


unit length a distance, r, ft. from the center, ‘is: Cues ae — 


For slide- rule computation ‘this can be more conveniently written, a ss 


a 


t the neutral axis, is therefore, 
" if the cylinder formula 
to be zero, and if tl cylinder f is 


fore. 


he arches are to bat this is not true at the abutments. In 


— 488 
a 
— 
— 4 
— 
the resulting stresses. od | 
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ng Equations’ (36) to (38), iniclusive, o» has cen a constant, 


that 1 is, ‘independent of r. This is, of course, not’ correct, fide value 


Of 8 practically the same whether the reservoir is empty or full. To 
secount of the variation of o, due to cantilever action would lead to great co ie 


plications, and for the bottom part of the dam, the assumption that FE and o, 


aré constants, produces two errors, which are of sign (se Article 


Tt vhs been assumed that the arch completely fills the site that 

if there were no concrete a above the arch, both and’ ¢’ would be zero with the 

feservoir empty ; or, in other words, it'was assumed that no shrinkage would 
place. This ‘assumption may possibly ‘be approximately ‘correct for the 


q very thick bottom part ‘of | a great. arch dam, especially if Or “is assumed as 
‘somewhat less than the average value for the vertical stress. Where the 
assumption is acceptable and Da is ‘water pressure ‘acting: on the 
extrados, Equations (38) and (39) 
es annul, and Equ: tion (36) gives the  tangetial stress whieh must be added to 


+ 


as a fact. this shrinkage, contraction joints should 
be provided at suitable intervals and after the dam has set and the chemical __ 


heat has been dissipated, pressure grouting should be effected. 


3 With the reservoir empty, that i is, ‘for Dy =0, there is a vaitoes gential 


4 compression og in the arch and a variable vertical compression, Tz, 80 that 


ny element of the arch has rae § a tangential ‘deformation 


Both o, and. Otg are compressions and, therefore, negative. Hence, when 
the’ water pressure, p,, acts on the extrados, the deformation, ¢, is computed " 
‘@ from Equation (38), with ¢, = 0, and the tangential stress results from adding — 
Oty to Equation (36) and then adding Equation (34) to obtain the resulting 
It: has been assumed that F is constant and that the normal: (radial), oe 
planes remain plane. © Both these assumptions ‘are at least approximately cor- 
eet when the stresses are m moderate, and both contribute an error on the side 
of safety. Professor Bach that radial Planes will Temain 
&pproximately ‘plane also for such material where is | hot constant,” a 


‘this will probably still be true even the abutment does 
not lie in one radial plane. For high stresses, 


a ‘stant and the s‘:ess distribution will no doubt be 
~The division of ‘the water Toad’ between the ‘cantilever and the arch 


— 

— 

— 
++ (8) 

in arch >| 
ation) 
— 
by the 
on 

2 

—— 
— 
(38a 

if j 
— 
a 
(89 
used 

. 

ed for 
a 
— 
4 

F 


ont ‘should not the ‘resulting 80 in 
crown value | of Pa may be used as a fair approximation, eupenlaiie if car it 
taken, when. determining the arch stresses, to select. 
actually coi sdt elt Yo. Ming motiod ot 
a Some objection may be raised to the rather general application of Polauaie 
Tests made on hollow steel cylinders agree quite closely with Lamé’s 
theory.* The wr writer does: not know of any tests having been by sub- 
ane jecting hollow. concrete cylinders to external pressure, but Professor ‘Bach 
reports some tests to destruction on hollow unreinforced concrete. cylinders 
_by subjecting them. to internal | pressure. + The internal diameter was 70 cm, 


aa Bs the thickness, 8, 12, and 18 cm. . The tangential stress as computed L by 


the Lamé formula was 15.7 kg. per sq. cm. and the tensile strength of the 


25 concrete was found to be 15.5 kg. per sq. cm. If the otresa had been uniformly 

. ‘stood a pressure 30% higher, These tests show, therefore, an excellent 
ment with the Lamé formula. It is s likely, however, that cylinders tested, = 


“1 external loading | would show some deviation, because E is not nearly 


Stent in compression as in tension. ios 


If it were feasible properly to take account of the of the 
due to water- -soaking, o the | time eff effect (the yieldi ling | of the. concrete with ; 
time in proportion to the stress), and to the restraining action of the founds 3 
tion as distinguished from the abutment, still ‘more advantageous. stress 
probably would be found. and dow odd 


The displacement, BP, of poine B (Fig. 2) j is e (1 

- dinestion of the center line. This displacement i is due to the water pressure on 
eres up-stream. face > and to the fact that ‘the arch has been slid back from A’ o 
Az. 


e center line produced by the force, X’, found previously, 
The displacement eaused by X’ = = lis is most conveniently determined by 

| bnew the normal stresses and the moments to r, as in Articles V and VL 
_ The rotation produced i is given by Equation (19) and the corresponding dis 
placement: of the crown section in the direction of the center line, BO (taken 
positive from B toward C), neglecting the change in thickness of the arch (see 
3), is 19879, ae 9! dod bas vig tia 


re 


mM = A’ (1 — cos — 100m pul (aly 
rding, to the tension at the neutral axis is 


* See, for example, Fig. 350, ot Goodman’ Applied to Engines 


und Festigkeit,” oth Bai i 


— 
— 
— 
iii: 
— 
— 
— 
— 
P 


(008, also, Fig. 4), the 


sod an (1 — cos 2 (43) 


* 


The total deflection will be, | 


™ stream face i is wanted rather than for. the ode axis, the change of thick- 
‘ness of the arch, which may be found from Equation (37), must be considered. 


This will generally and perhaps always be negligible. If ‘preswure is 


undertaken, this may also the deflection slightly. 


te and be ‘the: deformations per unit, Jength at the 


u varies from wu, to u; in such a manner that radial vertical 


= 


480) 


Iti in Fig. 8 semi-arch is tree’ to move | at the | but is fix the 
Wy A 


Be ‘abutment, the deformations, u, produce a r tation of the crown section and 


— 

of 
iformly — 
agree. 
no 
80 
founds 

n A’ to 


distance, Ag the center, C, of the arch, and considered Positive when 

ee ee. in tension, is s the force necessary to bring the crown ‘section back into the center 
line, 0 D. ih order to determine and A, is necessary, therefore, to deter. 


mine the rotation and the displacement i in the direction of of the crown 


The unit” deformation of the neutral axis (see Fig. § 9) is ‘is deterniingd by, 


a ‘The displacement of the crown section in the direction of x is (see ‘Fig. 8), 4 


force, acting at a a distance, from the center, ont anal 


> 
in which, 


sin 


4 

is given (48). ‘The: displacement produced by is obtain 

ice = Equation (29) by substituting A, for A’ and ‘multiplying by X,; it is: i: 


own 


fal 


| 
— 
: 
| 
4 
4 
4 
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‘ STRESSES IN THICK ‘ARCHES 
direction caused by the u, may be ébtaizied from : 
Equation (44) by substituting A, for A and | giving, 
— cos — 
+ 0. 
Et 


The stresses produced by acting a distance, from the center is found 
‘from Equation by substituting. and A for and A’. ‘The final re re 


that i is, vor TAVIM 


(oe) & 
this c case, u’,, the per unit at due 


temperature variation, swelling, and shrinkage, may be be added d directly toe ‘of 
(38) and the force required, ineluding ete, 


may be determined from: Lo x 


which, é is the deformation at the neutral. axis Per | unit length ‘due tothe 
water pressure acting on the extrados. In case ¢ + u’, = 0, X’, = 0, and the 
_ only tangential stresses are 2» those e given by Equation (36) ; there are no ) bending 
— This is also evident from an inspection of Fig. 2 and from the reason j 


Obviously, good construction demands pressure should 


be during the. ‘coldest pr part” of the s season, or pref pre er 
aly during that period when the air temperature is approximately equal to 
oS somewhat below the annual mean. In this manner the temperature varia- a 
tions will lower 4 maximum since ¢ and are of opposite sign. 

onder to the use of the formulas here and to toenable 


the comput: ti 
putations to be made by : slide-rule, some put 


orm that facilitates the use of tables curves. Let, 


a 
acting 
Se 
crown 
— 
a 
age: 
[ 
— 
— 
both 
is: 
| 
a 
(61) 


The value of B is given in Table is plotted in Fig. 1 ‘Th 
~ 100 ft. Kes and j are given in Table 2 and ploted 


(¢ when 


GRAPHICAL DETERMINATION 
a 
VALUES OFB 

From TableI 


4 


Bfrom Equation (66) 


oe 


— 
— 
ANS 
2 
| 


TABLE 1.—Vatugs or B rrom Equation 


= 


2 

nal 


| 


2525858 


828532 


Boa 


Values of 100 


LA | 


(00 


TABLE 2. oF k,, Kk, AND 100--. 


Ly ‘hia value and the value for a are introduced into ) Equation (34) | and the 


of ont 
ted in 
its 
— 
=|- 
0.05 | 0.10 | 0.18 | 0.20 0.28 | 0.30 | 0.35 | 0.40 | 0.45 | 0.80 ons 
7 -618| 5.528] 5.498) 5.851) 5.264] 5.181) 5.096] 5.013] 4.922 
B= 8.1065} 6.210 6.813} 6.482} 6.586} 6.054) 6.2775) 6.908} 7.090) 7.167] 7.810 7.487 
0.000| 0.084} 0.188) 0.884] 0.588) 0.764} 1.090] 1.847] 1.719) 2.118) 2.978 8.074 
| 
— ———! | __ cog orl 


ARCHES OF DAMS 


, and it is cos vill of 
can ‘be determined quite closely on the slide- _ by first —s 


“The: radial deflection at the crown due to X’ = 


| 27 Q'sin @ + sin 2 

The value fo Di is given in Table | 3 plotted i in 13. The total dele 


& Rea 


185.5 


J 


= 


= 


ES 
BRS 


ce 


38 
$22 
San 


Oo 


~ 


0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0:45 
0.50 
0.55 
0.60 


ao 


an an le r an arc V 100 ar 


4 


urface = that it carries 40% of the water load, that, 
0.4 x 400 0.434 = 69. 5 Ib. per sq. in. 


Assume, furt further, that =, 300, Ib. per sq, in., that m = 8, and) that 
nfluence. of the cantilever load, Des and of the shrinkage, ‘and tem- 
perature variation may be neglected. From Table 2, 2. 118. The, 


Equation with £, in pounds per. square. » 


9. 


reater than ¢’ for 6, 
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ion 4), 
(60) 
— 

— 
— 
: 
4 
— 
— 3 
— 


Equation (36 it 


‘From Tables 1 and 2, B = 1.333, k, = 5.096, 7 7 
he stress at the crown section is, 
5.096 X 2 [0.90032 —'1.0 — 0.0191] cb 


GRAPHICAL DETERMINATION OF 


VALUES OF D 


iv +, D from Equation .. 
from Equation (60) and (44) 


- it 
0050.10 0.20 0.25 0.80 0.35 0.40 045 0.50 0,55 0,60 


spe tog 008 107 sewollot es ylibeot awoda od 


_ Likewise it is found that's’;, = 185.3 Ib. per sq. in. (tension), For the stresses. 
Yes there is fou 


7 


—— 
wel 
— 
(60) q 4 
| 
a 
— 
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| 


resulting tangential stresses are then ‘obtained by yh to these the proper 


of o”; found previously. The results are given in 4. 


For 6, = — 300 lb. per sq. in. (compression), X TE 


430 lb.,* while for = 0, = 4420. Professor Cain’ 3 foemeles assume 


=0 and his value for D, computed as 0. 05606 giving Pr — Py 
a 4565.8 lb., or only about 3.3% greater than the writer’s value for 


nulas’ are 45513 and 88 as against 52 500 | and 77 100 the 
when = 0; Cain’s values for the moments at 


TABLE 4.—Comparison oF Srresses. 


Cain’s formulas and ‘Equation (i) 


Jakobsen’ 8 formulas, = 0 


all 


The deflection is is for = 


chat from E ation 60): 


320 
For 6, = — 500 lb. per sq. Professor Cain’s. formula includ 


7 
ing sheart gives | ih as the deflection which agrees quite well with ‘the va pe 
by the Neglecting shear, Professor Cain’ formill 
; for thick shear contributes considerably to the deflection. 


we 


| 


unds acting on an arch slice \g in. thick, a8, has bem done here, but the f 


— _ 4 
— 
— 
— 
— 
4 the arch 1s rather 4 
rmulas. ‘his is a iairly close chec in this case, as will be seen from 
h The influence o Cr | 
computati 
— 

— 

xX’ 420 and D = 1.100,,89 

— 
a 
— 
considerable may 
That the influence per sq. in. (comp 
be shown readily as follows: For = — 
= 


nd if e’ + u x. The increase in length for an 


of f temperature of Fahr. is approximately 6 x 10-* ft. per 
of length, ‘and the temperature “Gnerease required to ann nul is, if 


ice 


duces a tangential stress, which may as follows. 


in which, a is the angle which { the up-stream face the 
Tf oz and @ are both fairly small, is nearly equal to p,- Assuming the 
-down- stream face to be vertical, as is generally the case with constant-angle 
arch dams, except quite near the bottom, = 0. Forse , multiple-arch but- 


tress, the writer has has shownt that o, decreases nearly uniformly ; this variation — es ay 
— 


be assumed to hold at least approximately ix in n this case also. 


Professor Cain has shown that for a triangular section of a gravity dam 


a nearly vertical up-s stream ‘face, « Or is almost constant for the entire 


section. ¢ In the case of an arch dam that acts also as a gravity ‘dam, no doubt 
bins likewise varies.with ¢. The actual determination of o, is complicated, snd 
“since the purpose of the present “discussion is to show that the influence of & cae 
on the stress distribution is ‘quite small, the assumption made seems 
c. If the assu assumption that o, is constant be made, the result is nearly’ the same 
om ‘if the temperature of the conerete were increased sufficiently to produce — 


a unit elongation, 


seems to the writer that no matted how varies, it 
stress distribution greatly “except for very short and thick arches, which 
Snot likely bes be of any practical importance. tat pai 


+. = — anid = and ‘that varies lin- 


early, the of on arch deflections and be found 
addi to u, in Article XI ; or if the influence of Pe alone is‘wanted, by 


» and the deflection in an up-stream 


Equati 30 ~~ ° 
on (30) of the writer’s paper “Stresses in Multiple-Arch-Dams,” Transactions, 


wai! p. 208, 


tresses in Masonry Dams,” Transactions, Am. Soc. C. _B., Vol. LXIV (1909), 
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The ate 
Oper 
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OF CANTILEVER Loap AND Pressure GrouTiING 
That part, Pc, Of the water pressure, which is carried by the cantilever and 
the ‘transmitted vertically by shear, also has an effect on the arch in that it pro; a ail 
ther 
rom — 
—— 
— 
— 
— 
— 
— 
ee 
2 
m), 4 
= 


‘STRESSES THICK ARCHES OF DAMS 
arch considered i in Article xu Te, per 
0.6 X 400 x 0. 434 = = 104. 1 Ib. per] in 
04. 2 “ill bos al 


m Eq ation (48), 


This” 58 = — - 0.0094 X, (0. 7854 A, — 69. 

624.8 = — X, [0.072 A, 4. 


Ag = 1074 ft. and 1802 


The stresses produced at the abutment are, therefore, from Equation’ (34): pe 


ote = — 16.0 Ib. per sq. in (compression) 


ale 21. 5 Ib. per er sq. in. (tension). box 
ial ‘These st: stresses tend to equalize those produced y the water pressure. The 


i. ee tension at the abutment is 29.5 Ib. Per sq. in., so ‘that the resultin "€.1 tension 


is only 6 Ib. per sq. in. The: of is 18. 0 per sq. ‘in. For a shiortie 
ach the influence of p, will be greater. p ai ane & 
Article VIIT the grouting pressure, Sie was assumed to be uniformly 
distributed tangential compression. This is true where the contraction joints 
are fairly close together and all are ‘simultaneously. By suitable 
ane grouting methods, however, it is possible to produce in the ‘unloaded arch 
moments ‘that we would tend to to neutralize those se due to the water 
times, this may be an advantage well worth considering. i For, example, 
a oe all joints except the one at the crown section are grouted first, the grouting 
ee of the crown joint under pressure tends to put compression in in the extrados of 
sas i. __ It is customary to assume that at the bottom of an arch dam the cantilever 
“carries the entire load the carries, nothing. This. not: be! true 


— 


400 ft. concrete and their thickriees prevent shrinkage’ to a 


extent. ch archer abeds the © 


ay —Formuas FOR THE STRESSES Propucep BY x, WHEN 


computing the stresses and | displacements ‘caused by a force, J X (Fig. 


me 


8 ratio was assumed to be zero, or, in it was assumed 


will 
4 
str 
“th 
be 
i 
If \ 
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4 
¥ 
Sh 
“4 
art 


IN ARCHES oF DAMS us 


produced in one direction. only, namely, and 


that the 1 normal stresses in radial and axial directions are zero. The axial 


tress, ox, has been included with the deformation of the cylinder due to water 


ure and, therefore, ¢, may properly be neglected when considering the , 


press 
stresses produced by X. It remains to determine how large an error is ‘com: 


i mitted by assuming the radial stress, o os 0, since this is true ue only at the u up ‘ 


- stream and down- -stream faces. Here, o is the radial stress produced by X es: 
Foppl* gives Airy’s stress functiont hea pure b bending of a curved hy 
beam, Fig. 14, and for the loading indicated in Fig. 15. In . deriving the stress 
_ fanetion, it is assumed that o’ Tal 0, that is, that the arch is free to dei 
o; and may require, an ,and that the up-stream 


yettically as the plane stresses, o 


2 


‘Fie. "15. 


into Fig. 16 by w writing ¢, in of changing P to — -X 
and, consequently, the moment, M, = P rx», to M, = —X tm and adding 
a moment, M’ =A X. The stresses produced by the loading (Fig. 16), there- 


may ‘obtained Féppl’s by superimposing the conditions. 
P=—¥X, 


“Transmission of “Through Solids and Soils and the Related ‘Baginecring 
momen, by George Paaswell, M. Am. Soc. C. B., Transactions, Am. Soc. C. B. Vol. ie 
aE 1922), D. 1568. Mr. Paaswell refers to “A Mathematical Treatise on the Theory 
taaticite, by A. H. Love, and to the Appendix of “The Elasticity and Resistance i 


Materials,” by W. H. ‘Bure, M. Am. Soc. C. B. ro a 
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The function, F, must satisfy the fundamental differential equation, 


_ The stresses are, i = ont 


The axial, that is, vertical, deformation i is then, be at 


= (6, 


it M 


i 
Moments about center of 
Gravity of section: 
| At crown $=0, 


=r, 


Fig. 16. 
Since, in general, ot and. are functions of both r ‘and the originally 


plane horizontal limiting surfaces. of the arch do not remain plane 
stress." However, ‘Equations (62), (63), and (64) are equally correct if itis 


~ assumed that the originally plane horizontal limiting surfaces do remain plane 


horizontal ; but, in case, it is required that, 
— (6) + 6) 9G k... 


; 

in which, k = is constant. representing the vertical, displacement 
the horizontal limiting planes. when ot is constant, can 


4 (68) rem ain constant over the entire section, 


r 
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Tat at — surfaces and from the known own loading, that is: ins eta 


1) 
it 
‘a for @ = 0 (Fig. 16), vd bun (28) 


and, for ii govig ei (08) bas (#8) amoitaupal boda 
oft ordre =—X;5 and fo 
‘This for the corresponding to th the loading i in Fig. 16, Was 
jorq stoar od Fi ..g to Baad to. 


4 
2 
r 


rt 


Il the formulas. previously developed for s stresses de 
ji at elf 
bX were based on the usual assumptions 1s that 


La 


original plane normal sections _ 


haha plane and that Poisson’ 8 ratio is zero, so that X does not prod oe x 
Os) 


a stresses in a radial direction. Equations (68) do not invo ve those two assum] 
tions, but only that the modulus of elasticity and Poisson’s ‘ratio. sre constan 

throughout | (which assumptions are also involved in the equations previous y 
developed). Equations (68) are likely, therefore, to be the 
“correct ones, but in order to a them complete the deformations should be = 
computed for the stress distribution given in Equations (68). As computations 


. indicate that the influence of Poisson ’s ratio i is small and that the additional | 2, 


Baw ations (68) m: may be qui considerable, it. was ‘not attempted... 


The equations for the stresses are obtained by 
im (OT) anol 
i 
| 
nde 
itis 
a 
(66) 
nt of 
— 
| 
a 
a 
— 


— 


These eqn equations Equations (34) and by to 4 


| 


tons (70), the resulting stresses are obtained, neglecting temperature effect, ete, 
The stress distribution at the abutment of the arch considered in 
(aes computed from Equations (68) and (36) is given in Table.5, and plotted, 
ea in Fig. 17. It will be noted that the tangential stresses at the — and 
agree well with the values found previously. (Table 4). “Also, the 
ea. =. assumption that the shear stress is distributed in accordance with ; a parabola. \ 
is at least approximately corrects 

The ‘agreement between these stresses found by entirely different methods 
: gs . should give confidence in the correctness of the formulas presented. It has 
already been n noted that for 0, the writer's formulas a agree well with those 
= of Professor Cain. For shorter and thicker arches, the influence of Poisson's ace 
ratio, 0 of and of p,, is likely ‘to be more pronounced and for very short 


arches" the Cain formulas are” apt to be. seriously i error but this 


< 
WEN 


— 


possibility is likely to be of little practical importance. 


is 


|| | 


aa ii: It should be noted that the stresses, og; and o;, are the rincipal stresses is 

2 crown section, and likewise the stresses, gr, and g,, at other sections on 


the faces, that is, in both cases where the shear stress, r = 0. ‘Regarding the 
stresses which determine failure, writer discussed these ‘in his paper, 
ae 4 Stresses in Multiple-Arch Dams”.* It may be of interest, however, to add yy 
> 9 that Féppl has subjected various materials, also concrete cubes (1 cm. to 3 em.) 


ae to a hydrostatic oil pressure of about 45 000 Ib. per sq. in. and reports¢ that by "9 


far the greater number of specimens showed no ‘evidence w hatevet of having 
ae been submitted to stresses, while a very few had their corners broken. Tike 
q wise, several kinds of crystals were subjected to a heavy hydros atic pressure. 
Am. Soc. C. E., Vol. LXXXVII (1924), p. 308. 
a 


des Miinchner Laboratoriums, 27 Heft; see, ‘also, 
wang 
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_IN ‘THICK ARCHES 
They were examined optically before and after | the: test, as such an examination is 
would, re reveal even very minor structural changes ; but no sign of any change ae 
these crystals was found, although some of them had low compressive 
strengths when stressed in only one direction. - These tests would indicate that 


for concrete the stress in ion is not the deciding factor. 


pug 


STRESS DISTRIBUTION 


sofrin Feet 


 Sunatani in his: paper, “Laws of Failure of Solid Bodies Due to Stress”. 


; 7 theory is an elaboration of Mohr’s theoryt and seems to the writer to ae 


pl gtetine (40) baa octal odd tent 


As an example assume — - = 1,00 and 2 ¢, = 60 degrees. Using the Lamé — 

‘stresses fn combination with Equations (59) and (70), the stresses 


given in Table 6 are found. 


peti i sot 


‘Extrados. Intrados. ‘Extrados. Intrados. 


Reports, Tohoku Univ., Vol. III, No. 1, November, 1922, abstracted 
ae rge Paaswell, M. Am. Soc. C. B., n Engineering News -Record, Vol. 91, 1923, p.'379. 


t aus dem Gebiete A. hen Mochaaik” (1906), Sth Abhandlung, 
trailer 


— 
— 
— 
a 
(70) 

YING repent | | | | | | | 
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at 
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If the of this arch is decreased indefinitely, the’ «é 
of the crown as computed from Equations. (59) or ‘from = 
‘Equations and (70), is, + 0.21 p, or + 1.00 Pa that is, there is stil 
the intrados of the crown. To the ‘writer, this ‘result seemis in a 


used i in Equations (59), obtained from edad (58) and (18); these values, : 

oo: do not apply to the stress distribution given by Equations (70). te 

4 Bere To give an idea of the problems involved in determining x and A cor 

rectly, it is necessary to ‘consider the fundamental ‘differential equations 

equilibrium and deformation. These are, assuming the vertical stress, 


= Referrin to the equilibrium equations, Equations. (71), , it will be found 

ot 


am that the Lamé formulas and 1 Equations (68) satisfy Equatio ns (71); bu ut none 


of the other formulas does, nor does the formula developed by  Prokeneas Onin. 


In fact, no formula that disregards the radial stress, « or, can satisfy the ‘equi- 
equations This is is clear also from the fact that the two “tangential 


ce stresses which act on an element, r dq d,, are not parallel and therefore there : 
must be a component i in the radial direction. n. A At the crown the shear is em fe 


* hence or cannot be zero. For slender arches the error introduced by neg 
lecting or is unquestionably while for short thick arches this 


of each point might be found from ‘Equations (72) by integration. . This 
* involve considerable labor and is not likely to lead to simple 
over, the formulas found would not be correct, for or the following reasons: 


a Because the arch is assumed as free to deform radially and this is not 


—Because the stresses as given by Equations (68) do not. _mainteia the 


radial sections plane, since ‘the varies with ran radial sections 


a 


| 

— 

— 4 

4 


$—Because e the is also deformed and, for thick 


this deformation cannot offhand be assumed as negligible. gud 


ore even when -negleetin the effect of temperature, water- ‘soaking of 


the ep-stream face, and ‘shrinkage, it is evident that correct rmulag cannot 


be derived without taking the foundation deformation into account: and 


would: _ greatly complicate the problem. A ‘good approximation 


obtained, however, by the ‘use of the formulas developed, by Dr. Vogt 


~— Lamé’s formulas and | the formulas s developed i in Article XV for the stresses 


- caused by X assume that the modulus of elasticity, BE, and Poisson’s ratio, m m, ae 
constant. is approximately true for stresses well beyond the ordi- 


nary ry allowable. working stresses, w up perhaps, one- the ultimate eom- 


considerable variation of Poisson’s ratio will 1 not change ‘mate- 
s rially, but a variation in £, such as takes Place as the stresses approach » their 


ultimate values, will influence the stress distribution materially. 
Tests made on cast iron n by Professor von Bacht throw some light on this 
subject, since for cast iron F also with the stress. He 
_ experimented on machined cast iron and found its tensile strength to be 1 a 
kg. per sq. sq. cm. When testing this cast iron in bending, by supporting it at 
the ends ¢ and loading it in the center, , Bach found that the bending moment 
t failure w was 1.64 times greater th from the ordinary 


in which, s 8; is the tensile ind t the thickness of the beam. 
i on eurve for this cast iron is shown in Fig. 18. From the fact that ee 
- total: compression must eq equal | the total tension and | from the known wn thickness 


uti bee 


off the test specimen, the neutral axis can be located by y means of a planimeter. 


| ee centers of of gravity of the. e two ar areas are then determined. _ If the distance 


a between m them m is Y and the 1 total ‘compression area represents N kg. » the moment — 


failure re would be Y, on the : assumption that normal planes Temain plane, 


if Bach found the moment thus computed to agree with bending tests to within a 
3 per cent. The error i in assuming E constant in this case results in under- 


estimating the factor of safety in the ratio of 1.64 to 1, 


|. * En the paper by Dr. Vogt, referred to in Article XXI, it is shown that a moment warps , 


t See, for example, Hool and Johnson, “Concrete BEngineer’s Handbook,” ist 
(2918), Fig. 26, p. 250; also, “Modulus of Blasticity of Concrete,” by Stanton Walker, 
Bulletin 5, Structural Materials Research Laboratory, Lewis Inst., Chicago, Il., Fig. 8, 


“Blasti itit und Fe tigkeit,”’ Editi 298. 
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A -eurve for concrete in compression is shown in Fig; | 

Re ce This shows that the deformations increase faster than thé stresses: and the 

= so the greener the concrete. | Other experimenters find the sat same té be 


Bee true, but the actual shape of the curve seems to depend on the age, ultimate 
strengt h, mix, water-cement ratio , ete. The | variation of will aff 
stress found by Lamé’s formulas, decreasing the ‘difference be 


‘tween the stress at the extrados and intrados. iy It will also affect the dis, 
tribution of the stresses due to picture of what takes place may be 


formed by assuming that in in Equation (29) for. ‘associated with T becomes 
smaller, while F associated with remains constant. Also, both ke and 


See a decreased and the stress distribution in bending is as indicated in * Fig’ 19. 
saw, on 
STRESS-STRAIN 
CURVE FOR 
CAST IRON 


as 


als of 


wits off 


vides 


od slienst 3 
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order to obtain an ‘dea of modifications will “influence the 


o stresses, assume arbitrarily, in the example given in A rticle XII, ‘that a 


 Lamé stresses “from ‘Equations (36) are increased 20 lb. per sq. in. | ‘the 
‘a extrados and decreased 20 Ib. per sq. in. . for the intrados. Assume, algo, that 


| 


E associated with I is reduced to one-third its former value, ¥ while F assoc 


With t remains unaltered. Then, y’ increages and 4 


nearly alike, it may be ‘assumed that ¢ is 

ae ‘decreased in proportion as #/ is increased, or the new value of X’ is 70. 5% of 


* Taylor and Thompson, ‘Concrete, Plain and Reinforced,” 2d Edition (1909), Fig. 12%) 


its former value. Further, let it be arbitrarily assumed that both ke and ae 
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OF DAMS 


their former values. “Then, when w= 800: 0 Ib. 


= — 167. Ln 166. 2 lb. per sq. in (compression) 


— 197.2 — - 68. 5 = — 265.7 Ib. per 


Ifthe stress were unif orn rmly distributed, it ‘would be: 

(eylinder) = — — 174.0 lb. per sq. in. 

- Comparing | the e stresses he here obtained with, those given in Table 4, it will be . 


= sq. in.; but this is still about + 50% higher than the stress computed from 
“The tensi yn which | existed at the extrados 08 of the abut- 


ments, as shown in Table 4, has been converted into compression. — "Tt seems 


“more re uniform stress distribution than with E constant, A thick arch tested to pom . 
destruction therefore should show a considerably higher factor of safety than * d 
is indicated by caleulations based on E as a constant. The assumption that 


- the cylinder formula holds good, however, errs on the side of danger; no con- 


sérvative engineer can afford to make it. 


Equation (38 for from Equation (38), that is, if is 
assumed to be zero, there results Equation (58) AS) 


sin ¢,.. 


normal thrust at any y section is then, 

M = Xs cos. 

he 
he is | positive when it represents the The the 
at extrados and intrados of any section are, therefore, by Equation 

of 


the 
lis 
7 
— 
3 — 
= 
— 
— 
— 
per? 


These’ should agree closely with those of Professor it de in 


teh, X is the force to an arch slice ved in, 


‘arch investigated i in Article xV (see Table 5), My 
a= — 145.1, so that tan = 0.511 and » = 27 degrees. 
From ‘Equation (45). (substituting for and Equation (60) the crown 
quation in connection with his Table. 4* and F Fig. ot i iat 
B 
convenient. ‘The results from. both methods should agree closely. 
od ‘Tt f frequently in the design of arch dams ‘that of the 4 
cannot beg given a ‘sufficiently large, central, angle: for a proper ratio 


3 and that, therefore, tension ie found at the abutment, or perh Thaps- both at the — 


[aay abutment and at the or crown. The | question then. necessarily arises as to what 3 
| the: maximum compression in such an al that 


ae ? = In this case a secondary arch may be conceived, which fulfills the following 
It must lie entirely within the and woh 

it must be free from. tension in a tangential direction. a 
= e = Such an arch, in general and perhaps. always, will be free from tension in : 


rel 
all directions, but to make sure of this the principal stresses must be investi- 


theory of the arch has been discussed by L. J. Mensch, 
: M Am. Soe. OC. E, ‘and by Professor Cain in the latter’s paper “The Circular 
: under Normal Loads” ¢ and also by Professor Résal in his paper, “F a 


= 


This theory, since it affords th the best t and possibly the only means gc 

ee ieee satisfactorily ¢ an arch that shows tension, will be explained in ee 

_more detail. it must be borne 1 in mind that the secondary arch is merely 


ST - possible solution and probably ‘does n ot ‘furnish the actual stress distribution. 


ee No doubt the actual stresses are smaller than’ those in the secondary arch, 
Be Or gee because parts of the arch that are assumed not to be effective’ actually do 


participate” and bring: - about: a a lowering of the stresses ; ; but as long as the 


theory furnishes a fair approximation and errs on the side of 
Am. Soc. C. EB. Vol. LXXXV (1922), p. 264. 


Lov, olt., p. 249 and p. 272, foot-note. 
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IN ‘THICK ARCHES OF DAMS 
tsefal i in engineering, ‘especial ally as a first approximation in ge 


3 started, when the influent of the weight of ‘concrete ‘above an arch, or the 


order to simplify the problem. 
On the assumption that the vertical downward pressure, ox, zero, t 


stress at’ the extrados of abutment i is): from Equations and 


Ste(ab) = a? 


The value of is obtained Equation” (38) 
1} 
= Qin (79), be for an any value of — a corre- 


ty 


as from (79), are re given i in| Table 


Fig. 21. aun- = = 


ee 


Madd dy 


t 
e, an arch: with — = 0.353 and 2 oy = = 100°, as s shown 
Oh to ses ein Fig. 22 aaah these values crokeacn a point in Fig. 21 which lies below 


- the curve, this arch will develop, tension at the abutments when o, = 0 


— 


at 
te 
of 
5 
— 
| 
ue of the central angle, there 1s compression 4 
1es abutment, and for a smaller value, tensi 
aS ller value, tension at the abutment and perhaps also at Ct ie 

at and plotted in 
b 
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drawing a a few secondary arches, the secondary arch which has no a 


-—extados of the abutment can be quickly located by referring to Fig. 2 


‘the case under consideration, ‘the are Z, 
and 2, = 182 degrees. The stress in this arch is zero at Point Byat t Point 

A, where the compression exists, it is nearly (as will be shown 


e424 


or, 


The maximum stress is nearly equal to 2 ~* times the stress found by the 


—— 
formvula;’ when this is applied: to ‘the secondary arch. ‘In this case 


ABLE 7: LIMITING VALUES OF 


= — AND CENTRAL 


0.10 | 
Des 
68.5° | 92.5° | 106° | 121. 5 ‘ 
it may happen ‘that this value i is ‘considered excess excessive by the designer. ‘hb yi 


_ intrados at the abutment, as indicated in Fig. 22; it is assumed, _ of f course, that t 
cannot be “decreased. This change increases z, and calls for a 
2 ing increase of the ¢ limiting central angle. By moving the center to 0”, the 
value for the ce centr ral angle i is 144° and from Fig. 21 the 
value of is 0.35. and the maximum compression becomes only 
instead « of 10.05 The up- ‘stream radius of the si secondary ar h, ‘scaled from 
drawing, i is 67 ft. and this gives = 57 ft. and ¢ = 20.0 ft. 


In this ¢ case the arch carrying the load it is EHIKL and py is ‘is assumed to 


‘A sure to act pay nD H, the resultant of Pa acting on Hi is to the resultant — 
of Do , acting on ED and D H. - Due to the swelling of the up-stream face me 
duced by water- soaking, the writer believes that the up-stream “face actually 

will not crack and that the stresses found from Equation (80) are in excess 
of the actual stresses. about ihe — 


Tm, t,and x apply to the secondary arch, 


It is interesting to note that the stress computed by the cylinder formula apie Me 
the original arch gives — 3.38 p,, the error amounting to 300% on the side of dang an 
_ cylinder formula, therefore, can ew be considered as a useful approximation. 

no means pet 
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case the swelling. is not to ] tensi m, the secondary 
arch actually formed will be thicker at the abutment than at the crown, at “a5 aie 3 
= for thin and medium thick arches. For example, it might be such as Se 
in Fig. 22, the stress at Point B being zero. The stresses in such 
‘an arch may be investigated as will be shown in Article XX, but this involves _ ie 
much more labor : and would not result i in in lowering them materially. Pid Walia 


“fe ott should be noted that it is ur unnecessary to continue the arch, L KI, in oe 
‘Rg. 22 beyond the point, J, and it is sufficient to draw IJ perpendicular on the . 
- radu s, HI O*.' ‘This is so because with the stress ‘at Point | H equal to zero, 
the angle that the resultant makes with the perpendicular on the radius, 
AIC’, is always small and the resultant acts one-third of the distance, I z ie 
from I; if this resultant intersects the abutment between H and J, nothing Pe ah 


ts gained by continuing the curve From Equation (77) the 


Tm 
tee The maximum compression in a secondary arch’ 06 occurs at the abutments 
and may be determined as follows, if é is substituted for ¢: oe OF Ses ee 
Ste(ab) = — Pa t- 


4 


— cos 

to zero) rm 

is ty to 12, and that —* = 1, 

max. and 6 ¢ i (max.) are given in Table 8 ; it will, be seen that te 


_auation (80) is a good approximation for values of —- up to 0.6. The deflec- 


¢ of the secondary arch may be found from Equation (78). 
TABLE 8.—CoMPARISON OF FROM Equations (80) AND (82). 


The given by Professor Résal are based on a parabolic arch.* 
3 check Equations (80) ‘and (82) for secondary arches fairly well, are’ more 


nvenient to use, and will, therefore, be g given here. Referring to Fig: 23, in 
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74 which the hatched portion is the parabolic secondary arch, the ‘maximum om cor 


ots silt ing = = 0. 209 — Pas 


‘The radial thickness, ¢ t, of ‘secondary and the values of F and ( 


ae ‘It is s generally better to draw the arch to scale al then measure L and F; ‘cam 
<a should be taken to draw the abutments on both sides as they actually occur 


for each arch to be investigated. i, 


pert esi 


tna 


od 


the sich. carrying thin 

aaa the maximum stress is found to be higher then: is thought advisable and 
ify r, cannot be made smaller without producing excessive overhang i in the dam, 


must. larger. It can be determined ‘from Equation (88), the 

‘Maximum stress is assumed. The corresponding thickness is 


must be constructed in order to find the shape of the 


— 
— 
— 
— 
= 
4 
— a 

—— 
— i 
— 
— 
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Referring to Fig. 24, the:equation of a parabola is: 4 


»found for F locates a point on the a distance, H, 
nate. ot cantile yar | ‘a (hice, tbe. 


#09 


\of original arch 


‘Parabola 


dhe 


this point, and z = F 


10.05 p, with — = 0.353 and 2 9, 100° for the arch of Fig. 24, 


303 and 
2.79 and from (83) the maximum compression is 10.95 p,. 
- This is a fairly close c eck, “Iti is immaterial which of the two values is fe 


"more nearly correct, ~The difficulty in arch dam design gn arises from the f fact 

concrete is not reliable for transmitting. tension and, there ore, 


‘tion “hat results in tension is not gatisfactory. 


It is sometimes to investigate an arch of variable thickness. This 


may be accomplished approximatiyely by dividing t the ‘semi-arch into a number 

# of equa parts, say, 1 ‘ten, of ‘length, 8 = Te 4 ¢ (see ig. 25) ‘and then by a apply- te 

ing the formulas of Articles Ii, IIL, : and IV. if the mean radius is approxi- fa 


matel const t, h t ] ll str 


which, Pm is the pressure, center line. ‘The 
Pm Tm, acting at the middle points of the crown section and of the abutment — ‘ 
Section, holds the water pressure in equilibrium. These two reactions and the 
water pressure produce a displacement, DP, in ‘Fig. 2 and the force, Xx, pulls 


erown section back into the center line. Let the displecement:’ DF=D, 


— 
om | 
— 

— 
_ 

— 
— 
| 
— 
— 
dam, 
the 


in perder to find A (by Equation. (4)) since the moment of inertia, L 


nowaconstant, 


is given by Equation ©), 80 that, 


The diel 


The values for t, Tm Tm Sin and Tm — cos $) ) can Toma 


drawing, a table for the values needed for each point can be and 
these values added. ‘The method involves little labor ; additional r refinements 
he ng, readily be introduced, but are likely to add materially | to the labor ini 


q 


Bee A: The thrusts and moments are found by ‘Equations (15) ax and (16) and te 
gtresses from Equation (1). By comparing the. formulas: of Articles 


= IV with the more accurate ‘formulas, it will be noted that Equation (86) < 


over- -estimates ‘the stresses at the extrados and under-estimates, them at the 
. intrados. The fact that kee is always less than 6 and ky always more than 6, 


Bt “compensates, in a measure, for this inaccuracy. Hence, these formulas ar — 


ed a nd the resulting ing labor ‘devi ination 
a constant value occurs only near the the stress produced on the 


~ abutment section by the water: pressure an the assumed 1 reaction, Pm Tay Se 


a ing at the. crown section can be found easily by graphical e construction and sn 


‘temperature, swelling, ‘and shrinkage, cai can “also indinded separately in 
has been done previously. 


7 cantilevers and the ar arches divide the » load | imposed by the water pre 
fig 


Bure. The determination of this distribution has been attempted y 
4 oe writers, recently by Alfred Stucky* in connection with the constant ange 


a 3 “Btude sur les barrages arqués,” du Bulletin technique de la Suisse romande, 
1 — 


922, F. F. Rouge et Cie. 
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five sections of the semi-arch and also investigates the effects of temperature. _ 
The labor involved is. considerable. Professor Résal investigates the come 


section only, but uses the secondary arches and makes sure that the bending — 
‘moment at the base of the cantilever does not reduce the compression in the Bs 


upstream face below the hydrostatic pressure. A. Noetzli,* * M. Am. So. 
also investigates only the crown section ‘and alt ough he finds tension 


in both arct ches and cantilevers, yet he determines the 
concrete to transmit ‘this ‘tension. 
or end? eateato ager 


a. ‘In Mr. Noetzli’s paper,t he made the 2 ustial assumptions, as follows: 
_ 1—That the force acting to bend t 4 am was at right angles to the neutral — 

nm as for 


5—That the influence of lateral deformation (Poiseon’ 8 is ueiiigile; 
6.—That the foundation is unyielding ; ti 68) ooiisupA worl 
 %—That the water-soaking of the, upstream: face does not increase the 


of the concrete, that i is, ‘does not cause | swelling. HA 


_ The writer discussed these assumptions in detail rigs showed that they 

2 “were 80 approximate for dams that they ‘could not furnish ‘a sound basis for the 

sweeping conclusions made by Mr. Noetzli, ‘more especially since’ these cor 

‘elusions were not supported by any” faets ‘whatever, but on the contrary: 

‘peared to be at variance with facts. ¢ oils TE .881000.0 — as) 

It seems to the writer that the cantilever cannot relieve its tension 
‘single crack as Mr. Noetzli ‘suggests,t but that it must yield a little over a 

2 3 considerable vertical zone, 80 as to afford the arches an opportunity to carry” Ms 


the load, which actually they were doing if Mr. Noetili’ i’s correr* 


a able that a a secondary cantilever would be formed in much the same 0 manner 
a ‘as the secondary arches. - This secondary cantilever can probably be determined ea 
‘trial computations, but the | labor: “might be considerable. At any ‘rate a 
— solution su uch as: that offered by Mr. . Noetzli, whieh showed | tension much in 
excess of what exist, is ‘satisfactory, Since it is an impecsible 
That the effect « of swelling of the wp-stream face. (according to Mr. 
ere is no swelling) is not by any means negligible i is illustrated by the Santa — ie 
4 “Anita Dam, a ¢ ‘constant ‘angle arch dam now being constructed by the Los 
i “Angeles County Flood Control District, This dam is 225 ‘ft. high and of at 
dimensions as given in Table 9. _ Assume the dam to have been closed or pres- 


4 ‘Sure grouted after the concrete was well dried; the shrinkage would prob- 


_* “Gravity and Arch Action in Curved Dams,”” Treabedtibas: Am. Soc. C. B., Vol. LXX) 


921), p. 1. 2 

to the many inaccuracies in the by 5 = od 


Transactions, Am. Soc. C. E., Vol. LXXXIV (1921), p. 54. 
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ably amount to 0.0002. Water against the upstream would: 
swelling -sueh that dhe volume ‘would be 0.0001 larger than when poured, that = 


he a relative swelling of 0.0003. It seems fair to assume that a a relative swell. 


= ing of at least 0.0001 occurs; this is no ‘doubt an under-e estimate, since for . ba 
thick dam the down- stream face ‘probably does not participate ‘ii'¢ the 


swelling to ‘any marked swelling of 0.0001 is equivalent to im 


a tension of 200 Tb. per sq. in. on the -stream face, on the assumption: that 


= 000 000 Ib. Per sq. in. deflection caused by this swelling is there 


considerably greater, than ‘the e cantilever could otherwise make without 
faili tension The swellin of the u ~atreamn fe 
ee? 4 ailing in tension. The swelling of the up-stream face, besides producing a 
down- stream deflection of the cantilever, also produces an up-stream deflec- 
ion. of the arches. This latter is not readily computed because the 


< Ric. the Santa Anite Dam are y thicker at the abutments than at the crown (exce cept 


the top), and it might also be nece ssary to dete rmine new seco ndary 
arches, which would be thicker than the secondary arches carrying the load 


when there is no ‘swelling. The following computation, however, may 
indication of the influence of swelling. Consider the arch at Elevation 


1280; Equation (38 b), if B ont 2 000 000, aL. colt 


eh Ifa swelling equal to ¢” occurs uniformly throughout the arch (see Equations 4 


3 

(53) and, (55)), the arch not deflect at all when the water load was, im 

posed. At Elevation 1220, using an. average value, of 40 ft. for t in Equations 


would not deflect at all when taking its full load. 


ABLE 9.—Data ror Santa Anita Dam, ba ob ol 


(38 c= 0.000163. If the swelling amounts to as much. this, 


fe 


— — 


Slevations 


5 ‘a, in feet. 2 in in feet. in feet. 
90 0.024 “2 


0.0088 


Measured from the center the up- -stream ‘radius to the junction of the extrados 


ss he cantilever deflections were computed as follows, referring to Fig % § OD 
e cantilever deflec ions. were computed as follows, referring ig. 
in which, denotes the rotation brought about at the ‘Points, 1,2, 8... 
the: swelling, t denotes the ‘average ‘thickness, 8, the lengths of each ‘section, 
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arches, on the assumption that they entire water load. The arch 
deflections were ‘computed by Résal’s method, Equation (84). ‘The two deflec- 
tion curves are shown to scale in Fig. 27, from which it is quite obvious that 
2 the deflection of the cantilever caused by the swelling i is by n no means negligible. :) 


for bending as was! done by Mr. Noetzli. The influence of this canti- 
lever deflection due ‘to swelling i is likely to be comparatively greater at other 


ot saveilod 1 titw odt tod 


to 
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ARCH DEFLECTIONS 


0.02 (0,04. 0,06 
in Feet Lew © 


4, 


hn Fredrik ‘Vogt, the of rock foundations are 
Dr, Vogt, considers a gravity dam haying a base two-thirds of its height an¢ 


_ * Transactions, Am. Soc. C, E., Vol, LXXXIV.(1921),p. 91.00. 


t“Ueber die Berechnung der Fundament- deformation,” Det 
Oslo, Norway, Math.- -Naturv Klasse 1925, No.2. 
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The writer* further disagre ight contribute materially to the a 
ion. 
deformation of the foundation mi 
— 
— 
~ 


| The usual triangular section is evidently con 


bs - sidered, although the author does. not say so specifically, but his figures’ for 


defleetion of the cantilever checks the writer's eslovlations.* Poisson’s 


Dr. Vogt gives the the deflection, in feet, at the crest of the 


ig due to moment and one-fourth to shear. an steal 
ute The crest deflection, in feet, caused by the deformation of the fo ndation , 


alone, is, | according to Dr. We BE 


¥ 


a 


‘Thus, the crown defleatio produoed by the yielding of the foundation. alone 


we 


ogt investigates the influence of normal force, moment, and 
shear separately, and has derived’ simple approximate formulas. The ‘paper 
merits a by any one seriously interested in dams or other 


The yielding of the foundation will, 


arches, but the writer believes toa a much | smaller extent , because” the arches 
are fixed at the crown and not free to follow the deformations at the abutmen’ 


* eg ‘It will be evident that the. assumptions usually made, i in finding the division 2 7 


of load between the cantilevers and the arphes, are not sufficiently accurate to 
warrant conclusions. The writer wo like to some fairly reliable 


ope 


a. for ulas shaded, = would take account of all the factors of the same ty 


cantilevers, but it is 's obviously withost avail to select the 
many factors, and not the largest one at that, and neglect the influence of all 


OW 
She are correct standard Sonditions of od 


nary st1 


[tis not Gear hi how neglecting the cantilever action can mean that the actual 


factor ‘of safety of the dam is less than the factor calculated on the assum tion 


od that’ the cantilevers carry no part of the load. There may be nen tensile 
Tong ‘as ‘the ‘arches ‘can! catry'‘the full’ water’ load" 
Transactions, Am. Soc. C. B., Vol. LXXXIV (1921), Fig. 32, p. 
-” Vogt assumes Ez to be nearly the same ‘for rock and concret ae 


— 
: 
— = 

— the: wel ht of a cubic foot of water, h, the height of the 
three-fourths of this 
dam. in feet, and is in pounds per square foot. About three-fourths 

— 
— 
= Be 
— 
= 
— he full water 
aan PS : _ of the cantilevers and make sure that the arches can support the fu Bg 
— 
— 
— 
— 
— 
— 


STRESSES IN “THICK ARCHRS: OF DAMS. 
margin, i it is sucha dani can possibly fail or become a danger 
The voice is also entitled to be heard, and it indicates that 
poorly and constructed’ single arch dams relatively’ safe 
gtrabtures. Theo ry supports this view. "The“fact' that no single’ 
hase ever failed, freak single arch dams exist, also, to be 
given some weight, especially in + view of the fact that: this type is is the only one 
that has not produced a’ fair. number of failuresi}- novig ea drow” 
wcities « ot ebaol bo ei at baa 
oft al bobulsar yon Dak odd olqunie ea 
3 | This paper was submitted for criticism to Professor William Cain, to wh aay be 
te writer’s sincere thanks are due for. discussing i it and encouraging its, sub- a 


to the profession. PE bs o: i of atluest 


A. J. Wiley, M..Am. Soc. C. B., Transactions, Am. Soc. C. Vol: LXXXIII 
_p. 609. The radius at the top varies between 58 and 80 ft. In, cold. weather, with 

a. reservoir empty, a crack of % in. appeared; this closed when the reservoir filled. 050 00) 
Record of 100 Dam Failures,” L. R. Jorgensen, M. Am, Soc. C, Journal 

“Rlectricity, M March 15 and April 1, 1920. 
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= solution of the thiek arch by 8 mae method erg is of decided value. 


For’ Poisson's! the results agree with those ‘@erived by the 


“work method” as given ‘subsequently. On the vertical unit ‘stress, i is 
: "considered, pur pe m is finite, the author's method leads to a solution awhich 
Hr - nearly.as simple as the preceding and is not included in the writer’s formulas, — 
ra “- After ‘the publication of his paper on “The Circular Arch Under Normal i 
a) Loa ds,”+ the writer began investigating the subject of thick arches and sent, 
in 1922, certain results to interested friends. Finally, when Mr. Jakobsen 
at kindly sent the first draft of his paper in manuscript form, the writer's interest 
“was aroused and he completed a thorough treatment of the thick arch by. the 
work method as herein given. To make it convincing, every preliminary step 
was proved from elementary principles; then ‘the work method was applied, 
4 giving X’ and the deflection, which, moreover, agree with the author’s values, 
a for m = o. In this investigation, the most signal advance was made by — 
referring thrusts to the neutral axis. writer was first led 
ea: a to this by the demonstration given later in connection with Fig. 33, although Ex 
‘e another briefer proof is first given. Using as a base the ‘neutral axis, the ¢ gen- ey 
eral formula for L, the elastic work of the half-arch was expressed in as ingle oe 
form in the writer's: paper cited, ‘so that. the ‘Subsequent ‘derivations we 
almost as simple as before. The analysis. follows. the 
Tangential Stresses —Let Fig. 28 represent a part of the arch 1 ft. ‘thie 
‘s perpendicular to the plane of the paper, bounded by two right sections mak- 
a ing, with each other, the angle, a, with the center line o of radius, r, ‘passing 
through and the neutral line of radius, ry, passing D. fal 
= distance distance D= distance DC = 


4 


~ 


— let.p, equal the unit water pressure carried by the arch | and pe 
at its extrados. Suppose that the e equilibrium | polygon for the full arch fixed a 
_ the ends and subjected to the forces, p,, passes through Point E, where the 
components (normal and along the section) of the resultant are ) P and 8, re 
i spectively, the latter being the shear. ‘Then, | on applying ai at D two forces, P, 
equal: and opposed and both normal to the section, the single force, P, at Fis 


now re by the couple of moment, P times the distance, D E, the. single z 


to a parallel and that of this is entirely 
_ the couple of moment, M = P times the distance, D E. _ This | would not be 
if the two opposed forces. P, were supposed to act at the center point, 


gt 
4 * 
— 
— 
4 
a 
if 
— 
distance, C E, but also, in part, by t 


s * 
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couple! of moment, P 


“ voussoir as small, which is equivalent to taking the limit t of 


aude 


bs 
on Fig. 28, y, the distance of af fiber from the | neutral axis, , will be taken 2 


as positive or negative, >, according as the fiber lies 1 nearer to or 1 farther from 0 aS 


the neutral axis. Fength af the fiber is thus, - a, and it i is 
rotation by an “amount, y y4 «, 80 that its unit or 


and the unit stress, s, this fiber = 

this fiber as having the area, dy X 1, its stress will se 


Th 


2 2, 


— 
P, at C, which causes a uniform stress, ae 

eatation. of the section. oe — a = 4a, cause Vv 

_ 
— 
_ 
—— 
— 
— 
: 
— 
0; 
by 
ia 


oT” * 1013997) ¢ 


of} 


fore, —y=r— 


gte 


with other, the 


te 


sil rise, 


nd to the signs, , M i is regarded as as Positive when pane rotation is + cocks 


and dy = dz. 


cross-section is 0, w ‘we 


partly by the. aud, port? fy by’ 


at Dex the aris 
porition andl that the log, 


log, 


EI, 


Vite 


4 


ay 
1, — 


"the 1 reverse occurs when M i is negative 07 or Bi is farther from { the conti 


rotation of the tangent to the line at D. 
To deduce simple formulas for rq, c, and I,, reckon z, the radial 
from the medial line of the arch. Then, y= and Tr = — there 


the sum of the stresses on 


Ke 


22—c, — 


dz=0O,andc=r—r 


yaper,. by ight 

a, with gne center lipe ood 


lg 


If this is substituted in Equation (94, it is seen that the is is nearer 0 than 
the medial of the arch, as was assumed. 


m 
Wat 
3 

ik 

 & 
—  @ 
— 
q 
3 

3 
¢ 
4 
- 

| 
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= 


4 


r gravity of the section, 


> . 


when an table of Napierian logarithms i is at hand. 


~ 


ite r = 100,or — = 0. 3, ‘then I, 99841 
Itt = 50 and r= 100, or = 0. I, = 0. 
ft = T0andr = 100, 0 0.99128 I 


4 Thus, I, differs from I by less than 1% for s any case likely to oceur in pra 
tice, an and it will be re replaced by Ji in the nu merical computations. ‘Se : 

Moments Taken About Points in Neutral Azis.— now 

the resultant, P, of the normal stresses on the’: cross- section that cause it 


"le toa parallel position, or that cause translation only, , must pass oma D. 

one of these unit stresses, acting at a distance, 1’, from 0. 


bos im, th the e angle between the two, sections of the yi Youssoir, » Fig. 29. 


Since by assumption, 


— 
cies Now, since z is measured from the a iz 
he 
im 
— 
ae 
— 
| 
| 
— 
eae q 
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a 


ia’ tegarded ab posilite when the 
in vegative ot A 


old 


unit s stresses, Ge and at the extrados ane iptradan, pectively, are 


he , position of" the resultant, P, of ‘these stresses can be most conveniently % 


"found by taking moments about O. From Equation | (97), to 


Thus, P passes through Dei Wo od of af 2 
follows, ‘since or the forces, cause translation o only, hat the couple 
of moment, P times the distance, D F (Fig. 28), causes all the rotation. This — 
Beret is always equal to the moment of all forces supposedly acting from’ m ‘the : 
crown to the section about Point D (and not @). To inelude all the rotation — 


ae sections, therefore, the bending moments must be taken about Points on the ; 


— 4 
— 
— 

— 

— 


etal axis. . For thin arches, and as those used on highways or  Tailways, ae 
makes no practical difference whether the moments, M, are taken about C or 
4 D, but for the thick arches of the lower. = of arched dams ‘100 to 400 ft. rea 
Work of Semi-Arch Due ‘to P. find elastic work of the 


Gat tho. work of the fiber of cross-section, dy, x for a 


t= wid + Sy; 


lat) ot ella 6 .b 


Rew ‘The work done | by the shearing component, S,. can be found by aid of Fig. : 
30, in which, the central angle, d of the voussoir is infinitesimal, so that the 
i ve dd = 0, is tacitly assumed in stating results. The shear i is supposed 
to displace the fibers relative to the section throu gh D’ to the ; positions shown Be 


9:13 yd boinves odd sud doin silt 1d odd Yo 
“the dotted lines (really curved), the. anglej of rotation being b= 


’ 

tX1 being the area of the section and F the shearing modulus. — The shear ey a 


not uniformly distributed over the cross-section, A’ B; but assume for the | o. f 
present that it is, and that the correction will be eventually applied. ‘Thus, a 
for the fiber, distant y from the neutral “unit shear acting at b 


cares took to pulbet = 
the 
TI ab, of this fiber is D) D — ya = (r, —y) dg, and the displace 
ent, ¢, its end is, (r,—4) d ¢ B. Hence,’ the work, for a 


applied shear, on the fiber, ab b, of cross-section, dy X 1, = 
ai 


ue iw 


— 
— 
— 
— 
— 
— 
3 
iii 

— 
— 

— 
— 
— 
— 
— 
. 
— 


this” | a six- -fifths | of 
corresponds toa distribution. the shear on AB. * ‘There ore, the 


Fs Not, The bending unit stress % given by Equation (93) ; the fiber at y (Fig. 38) 
a length, a, and a “section, d Ly 1; hence work of this 
(r, — y) Jas mM ydy 


a elastic of the voussoir of angle, d due to 


the the semi- “arch, ‘of the central "angle, 2 due to . 


2E 1, 2 Et tia Et me ould ORs 
uit Solution of the Arch. —Thrusts and Moments.—The arch to be considered 


is horizontal circular arch of const tant radial thickness, $i and a 

ae the level of the of the arch, but the part carried by the arch, the 


= radius of extrados, in feet ; oa 
‘Boel [Hi by ‘Pe = normal radial pressure, in a per square foot, on the extrados; 
= angle with radius o crown for any point, D;. oh 


* This is, of course, only approximate, and is only true when r, = 


In this formula for L, only the work is omitted, 
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___so that the work for the whole voussoir is, 
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a 
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CAIN ON STRESSES 
3 The arc, A D G, is the neutral lix — 80 o that if s= = the length of the arc, the 

thrust at the crown, acting at on the neutral 


modulus of elasticity « of the ‘arch. 
the components of the reaction praia to perpen- 


4 of 31, the reactions, ¥, A, 


\ 


447 
the distaag 


writer in his ‘paper on “T The Circular. Arth ‘Under Normal Loads”. The 


2 water pressure, hewenm, i is: no longer referred to the center line of the arch 1 ring 
to the extrados, and | the cylinder formula i is not used, in the papert 


Ms M,+ Xr, 


Sr Am. Soc. C. B., Vol. LXXXV (1922), pp. 236-237. 


wat 


— 
— 
xe 
; 
490) 
we ; t the left abutment, with P,, M,, at a — 
fy — arch, hold the latter in equilibrium, = 
that it can be treated asa free bodys 
the — 
ag 
— 
4 
— 
bitin — 


=—T, (1 — cos ; 
tite 
Stee The « shear at the crown being zero, it is necessary to determine aly ie: 


ie and ays 1 he rotation of the crown section, being zero, iar = 


souindifinps oi al ogy od 

x 


es 


(i - — cos cos od 
sin 


i 


X cos ) ) cos gd 


S sir 


( 


Oyre- 


— 
— ARCHES OF DAMS) 
“4 
— 
— a 
isplacement of the crown sec 
| ection In the direction OF 18 sero, J 
— 
— 
— ad P 
— 
£ 
— 
— 
— 
— 
— 
— 
=—hh 


Hence, on adding, the original equation reduces, to 


M, ‘sin + Xr, (sin — + — sin 2 
22 
1 
To eliminate My by by am and it from 


2 


From (101): 


a This moment at t the crown is always negative or cabeideke giving 
i 


tension at the intrados and compression at the extrados. 
k . If this value of M, i is substituted i in n Equation (99), the 1 value of M 


point, (r,,@), is found, as follows: Cy ia); 
This moment for a ‘point, D (Fig. 32), is equal to — -X times the ponenny 
Fr D’, and for a point, D”, ‘it equals + ”-¢ times the distance, D” ac if x is ~ 
ff as a force, acting to the. right at E on 0 0, where OF = 


he moment is zero at Dy ‘where the line of action of X crosses the fon] pe 


line; it is positive for points between D, and A and negative for points on the 


the a abutment, Ag= vin, Equation) (106), and since the m moment is 
5 - Positive or clockwise, ‘it causes tension at ‘the extrados of the abutment see- 
000.08. 
with the author's Equation (80), the water be to 
t 
extrados so that in the for deflection of the full cylinder, e = Pr must be 
ith Equation (88D). "Therefore, Equation (30), |) 
(28). rn should be replaced by r according to the moual 
correction, the value of X’ can be easily reduced to Equation (103). The numerical valueof the 
term in whieh this error occurs is very small and the error is negligible. In fact, it is perhaps well 0 


toreplace — in the last of (104). It is this | complete 
tor X totally y different m method. 


— | 
| 
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— 
wee 
Be 
— 
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In ‘Equations (108) ) and (104), already ‘fro 


t 


since by E 
the hay Fos 


at 


vd = PF Wort 


(101) 


j 


In numerical computations, it is ; well to use a seven- place logarithmic table _ 
le for the first two terms 0 of Duy as their difference for small angles i is minute. e 
iat Example.—The unit being the foot, let £ = 30, r = 100, 2 ¢, = 40 deren 


1155 Tog, (=) = log, 115 — log, 85 = 0.802281 


; 


 Da=0. 6755655 — — 0.6702333 -+- 0.0006115 = 0. 0050437 


ae 


— 
— 
— 
— 
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— 
— 
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— I, 
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P, = pete —X 008 = (115 — 100.78 X 20°) py = 20.29 
4 ‘Kom Bauations (100): and’ (108), — —-j} = 

= 100 78 x 992 2455, (0. — 0.939698) De 401. 3. 


~The ben stresses. at te extrados and 


mY 


i in 
pers square inch, ant is equivalent t to ) expressing De ‘in dtp per square. inch, 


Si 


: and | this will be supposed i in the formulas, 80. that the total unit stresses seen 


by the fc will bei in n pounds per square ‘inch. 


y for the intrados, y = for the extrados, and assuming 
L= T =.=. They are represented by the first terms in the formulas, the — 


signs being assigned by the conventions stated. stoitooe ant to odd 


The stresses due to the 1e component, P, normal “to the section and acting a 


- where the neutral line crosses it, are given by Equation (97a), with the nege- ae bey 
sign, since these stresses are all ll compressive. bas 


Tet Sey the total unit stress on a fiber at the extrados and 


th r ~ 7 0; 


bie 


reperty inviate + por, 
P, 


— er "eer 


— 
at 
nt | 
intrados — 
3 
| 
2 
“ie 
— 
mt 
| 
a 
— 
— 


On substituting numerical values, giving M, 


= (—1.221 — 0.409) p, = — 1.680 pe compression) 
= = (+ 1.493 — 0.553) p, =+ 0.940 pe (tension) 


= (4 9498 — 01584) ue + 1.841 p, 


~ 


| 


8; = (9.967 — 0.789) Pe = 3.756 


Since the author's value x , a8 given by the ‘Equation (30), with 


tee correction, ‘can be reduced to the writer's Equation (103), the values of 


tov 


a1 hy and ” as computed by either method, should , give identical results. Thm 


ions (107) ca can be form Thus, in Fig. 28, 
point on the equilibrium polygon, suppose the two opposed forces, P, hy . 


placed at C, the | center of the section, in | place ‘of at D on the neutral 


+ 
=P times the ‘distance, E Can = P (distance, E D + distance, D % % 


in which, Mp = M of Equations (107) equals the moment of all f forces 
the: right of the section about D,a point on the neutral: axis, . The: same 


tae The formulas for Be and s;, for any section the normal component of whieb ; 

is P and the about D; point on the neutral axis, i is M becomes 
7 


vt iw 


aie, 


Pe) 


“a At the crown, M = M, , P = Py and at the abutment, M= M,, Pes & 
Thess at the crown | = 202 pe, P, = 14. and c = 1646. 
(at + Pc) = — 191.28 p, aa by Equations 


— 191.28 x 0.060426 — 


- exactly as found previously; and, similarly, for other cases. Awe 
The com ression, Tepresented by ordinates of 
the rectangle, eabf, of Fig. 33, on the voussoir of the central angle, a, Bo 


| 
— 
em 
— 
— 
: F = 
Bs 
— 
4 
— 
— 
— 
7 | 
— 
— 
— 
oof 


which varies with r’ and, thus, A‘ I’ B 0 is: a a straight | line. “The 


a 


~ 


__, Now suppose the forces in the areas, edg and ate, form a couple of | 


moment, m, that ‘eauses A AB to rotate to A” ‘about D through | the yangle, 


Py then the forces, o, in the area, gdabc, cause the translation : from ia 
B’ and are given by Equation (97a). af “git beastie 


= P by Equation (96), or since the ‘tection, A B, ‘turns counte relock- 


moment corresponding to ‘the entire ending. “Thus is proved this important 
in way. Equations (108) are now w transformed to Equations 


ye Suppose that the pressure ¢ grouting, which the : author properly insis ‘upon, 
be beth b applied at low temperatures to fill up any cracks, still the stresses 
as given by Equations (107) are not exactly realized. The vertica a, 
“horizontal arch, due to the weight of the 1 masonry and water over it, 
The vertical unit stress is designated o, 
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— 
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author, and this will affect results. Besides, the variation in for large 
7 me the flow of concrete under stress with time, the water-soaking of thé 
face, and the probability that the water pressure on the arch (which equala ty 
red 
full water pressure minus that carried by the cantilever) is not constant - 
See -erown to abutment, tend to modify the results for all arches: For those hi 
zontal arches near the foundation, its ; restrainin g influence will be so 20 male 
that exact computation of the stresses there seems rather a hopeless task. Bg 
the arches higher up, the results are more nearly correct, but even n there, diff. 
ealties ar are met when the influence of oz is considered. — 
The Lamé Stresses. —Criticism. —To appreciate properly these diffculti 
onsider the author’s first step in connection with Fig. 2, first | ai ssuming 


Ca = 0, where the semi- -arch is supposed | to be ‘slid to the dotted position along 
the skewback a distance, 4 A = @, , under the influence of the water — 


- acting on the a arch as ‘if it were a 1 complete cylinder, free to move and not 


“a In this first stage, the stresses induced ar are the Lamé stresses, both tan 


& te and radial. In deducing these stresses it was assumed that radial — 
Fe remain plane under the @ stresses, so that the assumed sliding can be eff 
However, it will conduce to simplicity if the Lamé tangential stresses are 
sidered as decomposed into a uniform stress and a couple. Thus, if B R equals 
a ies ey the resultant of the Lamé stresses, acting a ‘distance, l, from the center of the & 
section, on adding the forces, + R and — R, at this center, there resulig 
ae single compressive force, R, at the center,-and a couple which can be resolvel 'y 
the bending only and will be necessarily included i in the moment of X’ about 
i re the point where the neutral axis cuts the section, since the writer ha has demon 
strated that all bending corresponds to such moments. The only stresses then 
‘to in this” the uniform stresses, tar which 


sections remain radial after strain, so that the sliding can’ be effected 


a find the value ¢ of R, write the Lamé unit stress in the form 1a + 


TE in which, « = radius to the point on the section, and, a = and - 


Then, by a simple integration and reduction, 


fe gn each section, the author’s solution follows. The 1e values of X’ thus d need 
1 be reduced to the identical f form, Equation (108), found by “work 
method”, The ‘numerical solution of stresses is effected | precisely s in the 


Hence, bending stresses: due to this couple of moment, Rl, should be 


obs 
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j 
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ether’ writes the about the cente 
= | which f 
the: use of Lamé ‘stresses. us, the 
section A B (Fig 34), the center of which is C 
and the neutral point, D, this becomes M, times 
the, @ distance, EC, whereas, it has been proved that the 
= — times the. distance ED + (pe 
—X’ times the distance F + Pet, time 
also follows from ‘the forces shown in Fig. 34. 
‘The moments: are ‘different and, although the introduction, of ‘the 


stresses tends to. correct ‘the error, there is ‘nevertheless a a in 


the writer’s methods, | ‘Thus, fo for = = 30 ft., J 100 tt.,. 2 = = 40° 


at the the writer’s Equations 208) found’ that 


= — 163 p. and s; = + 0.94 p,; whereas by the author’s + formal 


,=— 1.73 pp, and = + 1.01 py. 


‘ For the same a arch, only assuming m = = = 8, v2 = 4. 32 p,., , the writer’s Equa- Say 


- tions (108) gives, s, = — 1.91 p, and s; = + 0. 04 Por which may be compared 
with, ‘the author's s, = — 2.00 p, and s; = + 0.12 py. 
For the thick arch, t= 100 ft., 100 ft. = »,and2 ¢,= = 40°, 
Pie i iter’ Equations (107) gives : at the crown, s, = Der 8 ' 


0.408 p, (tension)! ! 


of the Lamé stresses: involving, as just shown, bending 
we be 1 neglected, since the moment of ot takes care of all bending stresses. 


r regre to have to criticize this excellent paper, but he is con- 


nic = idea of the amount of f error ean be ined from a consideration 


rue unit circumferen- 


hag 
whic and the radial, and vertical unit 


Tempectively, at the Those being compressive, 
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pressions for Equations (38) and (38a) follow 
‘It will be observed that these formulas include the effect of th the radial's 
os well as of the vertical stress, omitted in the solution by the “ ’ 
responds t tom =, or Poisson’s ratio to z ze 


3 
For m = and 0. 3, “Equation (38a) gives, = — 3. 821, 
(38a), afi developing, the terms and — be o mitted, 
be put equal to 0, the pis ‘reduces to Equation (386), or é _ 


which, for — = = 3 gives, 3. 833 or practically the same as Thu, 


__ when m= QR, the relative thickness of the arch affects very little t the strain, ¢ — 


Note that this value of e” is exactly the same ‘as that used previously in 


The influence of m . Thus, when'@,'= = 0, for m= 


é' be derived from Equation | (38a), and for m= o, let: be 


Banton (38 b), and let X’ and x” be the corresponding values 7 X: Then, 


ih 
1,000 


3% for — = 0.3, and by 4.2% for =. eS 


equal: to those Equation (108), ss a8 
by: the “wo vor ork method,” a and the excess ¢ of 9 i 
almost entirely due to ‘neglecting the elastic work of the radials stress in s 
the method. _ These numerical illustrations will, give a 


‘error involved which is generally negligible, so that Equation (108) cam 


regarded a good practical formula for finding X when i8 ‘ignored, 
to lessen numerically ¢ and thus to increase the | percentages — 


on 


i nfluence of Vertical lead and of Poisson’ s Ratio— -Next, , consider the case 


where is not zero and Poisson’s ratio is introduced. ‘The displacement for 


the free cylinder (Fig. 2), ,is A A’ = e’ = —r, d, in which, ¢ is given by Equa- 


tions (88)"or (88a). ‘The Lamé tangential stresses are ‘as before,’ sinee 


derivation, as | given in textbooks 


erg 


shows that they are independent of'¢; hen 


q 
ot 
— 
% 4 
~ 
| 
— 
— 
— 
= 
— 
— 


RG 


reasoning as | before for the sliding each section will ‘sustain a uni orm 


x: 
ression of p; the sum of the Lamé stresses. Thusj 


tending stresses) are computed from moments taken about points on 
“the sinter line of the arch to get the total unit tangential stress, it is neces- " 
4 sary, for any section, to add the uniform unit ods , ) oi 


: 
| 


he first term being positive (tension) and the second, negative (compression). — 

mple —The au uthor, for ran arch 400, ft. below the w water surface, assumes 


300 Ib. p per sq. in. and.p, = 69. 5 lb. ‘per sq. Lig? Then,’ =. 4. 82 ; De- 
For th the arch h previously cox considered (¢ = 30 ft.. r r = 100 2 = 40°), 


assume: that m = 8 and = 4.82 p,; and, for the present, let De» oe ,and 


2. expressed i in pounds per square foot... Then, Equation. (38), gives, sub eaou fe 
Bquations (29a) (380) give: & vd ‘box 


." » As the writer’ 8 Equations (107 ) and (108) will be used in what follows, Py 


and be | given the plus s sign. Therefore, 


@ 


eu 


| Utilizing certain values of the last example, by nations (107 
= 0.00604 — 1:91 compression) ~ 


& mil = 0.0074 My — 95.97 + 0.04, Pe (tension) . 


s, = 0.00604 My = + 0.99 p, (téniony 


— 
3 
and 
‘hus 
y in 
| 
from, 
en, | 
= 
ra 
The 
age 
quar 


moments being taken about the center of the! sections... By substituting 
Equation | (108), the same values as before are derived. 
Summary of Numerical Results.— —The results| are in poun 
ae: foot: On dividing by 144 the stress will be given in pounds per equate tak 
2 This amounts to. expressing De in pounds per square inch in the : final results, | 
summary of the numerical results are given in Table 10. = 
Influence of Shear on Tangential Stresses. —The influence of is not 
well understood, ‘and in dealing with it, certain inconsistencies’ appear, Ttis 
ae known that, ordinarily, shear changes a plane section to a warped surface, 
im “and the amount of the departure affects the computation of the tangential — 
stress due to shear. - However, at the crown, from considerations of symm, 


ot the section must remain plane; similarly at the abutment the section, - 


- fixed by assumption , must remain plane, At these two, sections ‘the: usual 
> tangential stresses pas to shear do not seem to be realized. Following the 
general li lines of the analysis 0 of J. J. Williams, M. Am. Soe. ©. E.,*¥ a rather 


_ cumbersome formula has been derived for the change in ‘tangential stress 8 for 
arch due to shear. This may apply to intermediate sections, not Wo 
the crown or the abutment, ‘but it is 1 not ‘given because it cannot 
a the sections at the crown or abutment—the very ones to o be investigated, — 
The same reasoning applies to the center of a beam uniformly loaded, where 
faye "the section must remain | plane after the a application of the load. ‘iw 1 4 


TABLE 10— —CoMPaRISON OF OF Unrr Srresses As Factors oF De 


The value of X was found by aid the writer’s Table 6 in “The Circular Arch 
_ Normal Loads,” Transactions, Am, Soc. E., Vol. LXXXV (1922), p. 266, shear er 
‘regarded. “The unit stresses are those gives ‘by Equations 
If the distribution of the shear "ar stress alo along. the sections at the crown and 


4 ‘abutment is constant *instead of var varying by the usual parabolic law, the 
remain plane and there are no stresses; but of course this 


Ral Fe 


ect 


| | | 
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using Equation (98) for L, the elastic work of deformation, Equa- 

tion (99) f the values o of M, Thus, the value of ode derived 


in terms of X and 1 then Equation (103) is used for the value ‘of 
to ‘the common denominator, Dus of Equation (104). ap before, the 

can n be taken out and (2: sin 4) inserted in 


ows 
3 


term; then by u use of the formulas, ‘sin 2 = 2 sin 


ress 1 u wa 
sin? ¢, = 1— cos 2 g,, a material reduction can be effected, giving, 
“ae 


e value of the last fraction in > gerne Meee 


rat 


x. 


as 


or sinall values of dy sever oO 
for determining the first two terms ‘of 
or comparatively thin arches, on putting = 


| which case 7 is since + is simply a ratio. 


The influence of dae seems ‘bo be very large for thick arches. - Thus, for 
=30,r = 100, and 4, = = 20°, Equation (109) gives, with shear 


_ * Transactions, Am. Soc. C. E., Vol. LXXXV (1922), pp. 240 and 270.0 
‘cit, 270. od Hive moos 19% eds yd 


yuare 
inch, 
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face, a 
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ON STRESSES: IN’ THICKE ARCHES OF 


of shiar) Bes = 0. 266. De: ‘Therefore deflection shear 
2.82 times the deflection when the influence of shear is omitted. 

‘The. author’s Equation (45) can be reduced to 


factor, the author’ 8 gives a ready Rates 
ex- 


bas Thrusts and Moments Due to Temperature Changes.Let e 
a pansion per foot for a rise of 1° Fahr.; and t, equal the number of degrees 


‘of change in temperature 


For cylinder; ‘the span of the “neutral” line will be iner 
2 Sin ¢,) f ft. regard the arch fixed at the right end and free to 2 
‘move at the left e end, w , where H, the e horizontal force, ' is just sufficient to bring 
oa this end back to its original position. Fig. 31. can be used to illustrate the eon- 


ditions if p, = 0, V = = 0, and = $0 that the half-arch i is in 


under the forces, H, at ¢, the couples of moments, M , and o at 


A and C, being just t sufficient t to prevent rotation of the sections. If Lis + the 
elastic | work for the entire arch (twice the value 5 given by Equation (98)), ‘the 
horizontal displacement of the left end toward right, is, 


of thy et, 27, sin 
hot derived for the 


is no rotation of th crown section, = 
P= H cos 9; = — sin 


— 


under th integral sign before, there i is 5 from 
L 


and from the condition, = 2e tr, sin after reduction, the relations, 


mae Dy = sin Bi: 2) | 1 
to 


‘These formulas for H and M, are for a free arch with a rise of tounge oa 
ere of t, degrees Fahrenheit above an assumed mean, the areh not being restrillag 


— 
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— = 
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 eourse, for a a fall of t, degrees of temperature, t, is negative and the direction m6 
Radial Deflection at Crown Under a Rise of Temperature of 't, Degrees— 

For a free cylinder the span of the neutral line will be increased 2 ¢ ¢, r, sin ae 


andhits rise, h =r, (1—cos ¢,), will be increased ¢ tyr, (1—cos $,) =het,. 

of In this stage no work is done. Now, for this pean arch, ‘regard the right. 

~ end.as fixed and the left end as free and as subjected to the forces, H and M i 

 just-derived, which bring the section back to its original position. By. the 

work method, the corresponding value.of the crown deflection, »/, is found. __ 

~'s deflection: toward the center is positive, the total radial deflection of the 


To find 7’, since P = H 08 and §S = ion sin 
J o— Hr, + cos ¢)=Hr,, cos — 


The solution proceeds now exactly as in the writer’s previous paper* and leads 


doidy, od won goitulos: stentixox qqe todtonA 


CAIN: ON STRESSES ‘THICK ARCHES or 


which, c, is the coefficient of Pete Tn 


in Equation (1 


Hitherto, the horizontal arch ‘fixed at the under the change of 
has been as free, or unrestrained by the dam 


Assume that 


h to » De, it has been ‘tound that, 
P=-— 
Da —— Pe Te Tn \ 
Pele sip 
Observe that, 2 a 


= — Cn (Tn 


the 
3 
lear 
hen 
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ees 
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the 
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Z 4 __ ¢ This result can be obtained in another way. When a cylinder is subjected to the rise aes. ‘ ie 
ah of temperature, the unit elongation along or parallel to its medial line is eto Se 7 oe 
the the expansion is due to a tangential tension, t.Heto, on each cross-section and i. F| 
; i is brought back to its original position at the left abutment by the forces, H cc 
there. The tangential component at (ra, ¢), the moment, and the shear — 
= H cos ¢—t Eeto = Ee to cosp—t Ee 
ed 


‘ON STRESSES IN THICK ARCHES OF DAMS. 
cantilever. Necessarily, this constraint must be considered. 


Ee. _ done, the problem offers difficulties. The writer has given* a solution after at 


a6 


| 


hypothesis of B. A. Smith,t M. Am. Soe. E., in which the dam with theup of 
stream ace vertica un er a rise 0 temperature fe) egrees, was assumed ay 
‘have a “cylinder | expansion” on a smooth base, with a radial up-stream di te 


placement of the neutral line equal to et, ); and then (2) if is! 
unit normal force exerted at the extrados. by the dam acting as a cantilever, 
assumed constant for any one ‘horizontal arch, the’ corresponding down-stream 
the, ™ ise, ; hence, tl the seeing fo 


ensures a constant p,’ for any one arch. disadvantage is that the forces, 
7 cause the same displacement all aroun , and thus the dam is not v vertical 


at the ‘abutments, as it should be. The cannot be regarded as exach 


Another approximate solution will now be given, in which the cylinder 
is not nsed-in the first stage. In Fig. 35, let A D B represent the ber 


Jd of the neutral line of a free arch fixed at the ends, which, under the tem 


perature rise, takes the position, ACB. up-stream displacement of 
free arch, as just shown, is, ne = D Cc = — ¢, (r, e t), and the dam at da 
abutments remains vertical. ‘However, in considering the action of the dom 
asa a cantilever, its forces, p,’, can no longer be regarded | as constant for the 
- same arch. _ They probably decrease in going from the crown to the abutments. 
5 Experiment will have to determine this matter; not only for this case, but for — 
the general solution of an arch under water pressure alone. 
hoe edt tal ody Ja nold / 


val To effect a solution in the saat state. of knowledge, it is necessary to a 


7 


of Fahrenheit shove. med et} 


5 Transactions, Am. Soc. C. B., Vol. LXXXIV (1921), pp. 80-81. | 
“Arched Am. Soc. Vol. LXXXIII (1919-20), 
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advantage of assuming a cylinder expansion in Assumption 18 that 
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lever to the expansion of the arch, is ES deamaed to be known from the sclation 


movements indicated in ‘this ‘solution are e clearly shown in Fig. 86, 


representing a a vertical radial section at the crown, in which, F D represents guy 

original position mn of a vertical line through D (Fig. . 35), which is moved to 
EL under the expansion of the free arch, | a distance, DC = FE 
Cn The cantilever forces, De acting on an arch at the level, 


back a distance 80 that D I is the, actual deflec- 


PF Gi 


> to ill of of temperature ¢ and shrinkage, | e’ per unit of length, the cantilever 
resistance now acting away from the center. The resulting ‘deflection down 


none of of these formulas can be regarded ai as exact, iti is hoped that 


i enema pull of the cantilever or its resistance to the temperature 
> expansion. ote Varia types Game 


“Then, adding the Mesinamment down stream due to the water to the e 


placement due to the temperature rise, the total ra radial displacement at the pa: : 


3 This is down stream when positive and up > stream wh when negative. For ora fall of ‘<h ; 
shrinkage, ‘and water pressure, the formula applies on taking 4 
ind p, De as negative. The formulas, of course, are only valid where no ‘cracks 


solution of the for (De + Pe ’) re gives s the total thrust. The 


If precise observation at crown of an arch gives the total deflection, 


hypotheses may prove the to the formulas previously 


OM 


— 
(i) = 
the 
— 
— 
am — 
— 
- 
the 
the Consider the Case 10F combined water pressure, shrinkage, an 
am _ tise, suppose the solution of the arch dam gives, for an arch at a particular ae Bey 
att’ a Pe = normal pressure on the arch. in pounds per square foot, due to_ ee ae 
— 
— 
a 
— 
Transactions, Am. Soc. C. B., Vol. LXXXV (1922),p.277. 


i 


a ot aa is possible for 7 to represent the deflection due to the water pressure alone, ; 
Be oo or to represent 7 Nt the deflection due to a change of temperature for a “free 5 


q -.— areh” and not for one the expansion (or contraction) of which i is resist by 


a a a the arch acting a asa cantilever. Experiments. should be made to determine the | 


in the formulas referring to temperature changes on the dam with 


‘Then, if D; = the observed crown deflection, — 


Ba: rag nt varies directly with te, it ean be found for any t, different from that 4 
"Next, with the reservoir full, if possible, observe the deflection, 7 n due to 3 


Bas -" water pressure only when there is no change of temperature. If this is not 


re 


feasible, let D be the observed crown deflection for combined water 
pes and t, degrees change of temperature; then the formula for D can be — 


ay 


Am 
The author’s notes on the “Secondary Arch” ‘(page 510) ; are particularly y full 
3 Bae and useful. a The approximate solution of arches of varying section appears 
be as brief as the subject permits. Castigliano’s method, ‘utilizing’ 
as + son’s formula, might be adapted to the case, » but possibly the solution would 
The writer is unable to agree with the anther that as * = 0, the intrados 
ee the crown can ever ‘suffer compression, since the arch then reduces toa 4 


beam, fixed at the ends and loaded uniformly, under condition 


q 


— 

ig 

1 

@ 

— 

P 

straight 


parc to the conservation of plane sections of a beam, eet pe 

sections, _F... Swain, Past- President, Am. Soc. E., has ‘thrown* a 
flood of light on a subject not well understood. ag bax yor, 3 


af: 


in an arch dam. . There can be n no doubt of its influence, of the 
5 - tion of the foundation, and of the variation in E. 7 He seems well aware that ‘ee i 
é am exact solution of the arch dam is not to be looked for, so that all an ee 

engineer ean do is to examine the various influences and combine them to 


- effect a practical solution. In that dicection Mr. J akobsen has done much, = 


G. Harris, M. Aa. Soo. 0. E. (by letter). —The writer has labori- 
ously followed the several mathematical papers, and has read with interest bic 
some profit and satisfaction—the “many discussions that have been 
- published in recent years by the Society relating to arched dams. He ai 
~ found the subject fascinating on account of the mixed mechanical principles Pe 
ae ane in it, and of its importance economically. He has given this type 
of structure considerable study, together with other styles of reinforced con- 
“crete dams. These studies 1 were published in May, 1925.$ The following 
im substance a part of that study modified and expanded. me 
‘Several of the mathematical analyses alluded to are based d on the assump: 
tion n that one of the m major ‘mechanical principles involved i is cantilever action faa f 
in pany small vertical prism of the dam. _ The writer a ‘not concede that ti 


4 “analyses, | but ‘that conclusions thus may be quite 
_ and that, instead of cantilever action, _vertical-beam action§ is a major me- 


chanical principle | active in carrying and distributing the on an arch 


at 
method, with no material, whereas Fig. 39 a dam ales designed 
a but with surplus. material at the top. Referring to let 


made so rigid that the vertical tangent to ‘the face of the pidnet B can ral 

_ assumed as unmoved when the dam is loaded and all the stresses and strains Re 
are in action. It is the writer’s opinion that it is not necessary for safety, a , 

and certainly not economical, to design the foundation with this intent. © - ; 

a will usually find no difficulty in obtaining a safe bearing stress under 

_ the foundation. The more exacting condition will be that of providing a 

- ellective cut-off wall below B D. In this part of the study it should be noted _ 

- that any unequal bearing on the foundation will cause a movement at A inde 


Prof. of Civ. Eng., Missouri ‘School of ‘Mines, Mo. vault. ob. 
‘A Study of Reinforced Concrete Dams,” of Mines Bulletin, Vol. ‘8, 


oid of vertical-beam dams constitutes part of the study alluded to 
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Figs. 37, 38, and 39 are shown various types of arch dams. Fig. 37 
— 
a __ question as to whether or not the designer should consider cantilever action __ aa x 
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pendent of the elastic deflection due to stresses above BD. D. Bvidently, 
4 more the cantilever action with ‘consequent varying intensity of | stress ¢ on the  & 
an ee foundation, the more will be this independent movement at A. It is 8 con 
oN ceivable that a foundation could be made safe in bearing and safe a agains 4 

a7 ra leakage and left in the condition shown in Fig. 37 (c), yet there would be but 


a little ‘Tigidity i in such a design. The point is that an infinitesimal movement — 


= of the tangent at B would render vain any attempt at calculating the e propor 
ie he tion of the load carried by the cantilever and by the arch. Doubtless — 
movement of the at Bw willo oceur under in the majority of dams 


Water Losd 


SS 


Deflection 


Fia. 37. Fic. 38. Pia, 


The cylinder formula would indicate a zero thickness or no stress at tea 

water surface in an arched dam.' If pure cantilever action occurs there must 

a movement down stream at A. This down-stream movement would be 

A a resisted by the arch. Inevitably pure cantilever action cannot extend to the 

as. ao. At the top the vertical beam rests against a more or less elastic ¢upport — 

“ia _ The more surplus materal there is at the top of the dam (as n measured by the 

aa cylinder formula) the more rigid will. be the s1 support at the top. end of the i 
_ vertical beam and the farther down from the top will be the point of “—- 


a flexure of the beam considered as a cantilever. (5) bow (he 
be 


We 


Taking up now the question | as to which is the more logical, the 
oF the vertical beam, or which action is probably the more dominant in dams 
om as built, or which should be develope ed by the design. _ Suppose Sections | @) * 


y 


‘ 


which qT, “thee stress, is equal to the, product of the radius, r, by the walt 

’ "pressure, p), r would be infinite and, therefore, 7’ would : also be infinite. 
ae boat! dently the cylinder formula fails to apply and i in both cases simple beam action 
earry all the load. In ‘Section (a) the action would be purely that of 
cantilever even if some movement of the tangent at B should occur. 
= Section (c) ‘)» if: the top girder be supported at intervals s by piers or abutments 
and the beams, A B (making up the wall), simply rest against the. e girder 
Sag = at the top and against the cut-off wall at D, the reactions will be, at A, one : 
¢ sy ne third the total pressure e between A a and B and, at D, two-thirds. As such dams Es 
would be built the vertical beams. (curtain wall, AB) would be  monolithie 4 


EEE 
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4 
4 
dong 
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; 


with the the girder at the top. and with the cut-off wall or ae seihininteds ( 
base. Whatever rigidity or fixedness of the beam may thus be << 
ow top and bottom will reduce the bending ‘moment near the « center, 


therefore (theoretically) the beams could be made lighter the more 


fixed they are at the ends. maod oft td 


Now ‘assume that both dams, (a) (c) (Fig. $7), ‘are built on a cir- 

cular are in plan, thus becoming arched dams. it has | been shown that Case pit 
@ cannot ‘then be ‘under pure cantilever ‘action in combination with arch 
‘ction: but in Case (c) vertical beam action must continue although the —_ 


lhew ant ot 4 


now carried by the ‘beam will be yednced in amount and changed in in relative | 


_ intensity y at all points due to the of arch action. 


act that | the arch stresses causing arch deflection are at right angles to the 7 


fa 
a plane i in which the arch is bent (plane of the paper in Fig. 40 and Fig. 42). 


i of the paper. Of course, if vertical beam action is to wa 

possible fallacy as to the limit in the length of radius for an 
dam. Without exception all studies on the subject that ‘the writer 


~ has followed fix, by the cylinder formula alone, the maximum radius that may 4 


be ‘economically used. With a conservative permissible average unit stress 
this maximum radius is usually put at 300 or 400 ft. The fallacy is in fail- Bae oi 


to take account of vertical beam action which will be ‘Present: in arched 


4 recourse available to if he will modify his design with the 
purpose of bringing into action and economically utilizing vertical beam 
action. To illustrate: In: the writer’s ‘ studies* it was shown that for straight 


4 beam thickness mid- rheight: ‘is 0. 018 


be 6 68 ft. . By the cylinder formula, assuming about 50 000 sq. ft. 

oa the a average horizontal thrust in the arch, the radius that would require = 

fe a thickness at 25-ft. depth would be 200 ft. and for the same thickness at 50-ft. ay 
depth the radius would be 100 ft. Yet the section designed 2 as a vertical ia 


of ‘curvature will add ‘strength instead reducing ity A ‘rational! design of 
] vertical beam action is ‘recognized 
| From an economic point of view the combination | of vertical beam ro 
5 7h arch actions is not as promising as —— seem from the foregoing, for, to 
paced the top of the dam the top girder « of the s straight ver 
1 tical-beam dam). For long radii this arch rib will assume large proportions. — x 


a ~The top reaction of the vertical beams i in a combination vertical- and : 
atch dam depends on several factors, among which are: 


the 
at 
be but 
po 
dams, = 
4 
— 

4 

4 
— 
at the — 
Be 
ld 
the 
f the 
by 

a (in — 
potion 
a 
— 
rirder 
one 
a 
dams 


HARRIC ow IN THICK ARCHES OF 
@ a bbe 4 (a), The rigidity of the base or foundation (Fig. 37 (c)). The more rigid % a 
ia base the less will be the top reaction. 


“Ie will probably be greatest f for a vertical beam at the crown an 

The Tigidity of the arch rib against deflection ‘radially inward. This 
oe BaP _ depends on the radius and the unit stress or area; the more rigid the ey 


as as compared to the well below, the greater will be the top reaction, 


From these considerations it is evident that a satisfactory determination 
of the reactions will be difficult and may be impossible. 1 ot 
— Since the load on the top » arch rib is not constant the cylinder foraniel can- Ee 
4 not be applied to that rib. All the thrust going through | the > top : arch Tibi isso 


relief t to the arch wall below. och tas bh 
One important ‘matter. that seems to be generally ignored ‘(intentionally 


or otherwise) is the large portion of the water load on an arched dam that { 
i goes into the base or foundation without a affecting the arch, ‘This i is. due to 
A ae fixedness of the base against horizontal movement inward > down stream, 
a i Consider a a ‘i ele slice, say, 1 ft. _ vertically, 2 adjacent to and above the base — 
a If the cylinder formula applies to this slice it would be under compression in 
the direction of the axis of the arch; the a arch would be | shortened and would — 
shee slide (deflect) inward a determinate distance. This motion is prevented — 
because the slice is rigidly fixed at the base. It may then be fairly assumed 
that all the water pressure on the bottom foot of. the arch goes into the base. 
. as pure punching shear. Likewise, the next horizontal slice above will be fixed © 
to the slice below but some deflection will develop; and this same relation a 
ee a. will i increase as points are taken progressively up the face. This deflection will 
be the sum of the effects due to pure shear, vertical-beam action, and arch ; 
action. _ Evidently, the water pressure at any point (as. at P, Fig. 40 and Fig. 
42) will likewise be divided, Part s going down into the base without affect 
_ ing the beam or arch, Part b going into the vertical beam, and the remainder, A 
Part a, going intothe arch 
If any one has difficulty in understanding the difference between the shear, i 
sand that in a simple vertical beam it can be made clear by imagining gt 
adjacent horizontal slices of the arch (say, 1 ft. thick) as at J, Fig. 40, with — 
out. cohesion or friction in the dividing plane, but having dowel pins set 
- between the two slices. _ Evidently the lower slice is more rigidly held against : 
arch deflection than the upper one. Thus will be developed a pure shear im 
_— dowel pins. It is this shear that is represented by si in Figs. 40 and 42. 
‘Figs. 39 to ‘inclusive, the writer presents | some suggestive diagrams 
such as distribution of the 
water load, sheds. fi Of co course e the proportions in the 
- - may not be correct even for any one dam » and they would change with every 
a change in the proportions of a dam, in the ere the base, ni the 


in the dam at which the section is taken. Ho 
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ON STRESSES IN THICK ARCHES OF wane 

Por Fig. 40 the “cylinder formula was used taking’ of shear and 

= of resistance to. deflection by ‘surplus material placed at the top | of the dam: 
vertical beam action is ignored. In Fig. 41 on the other hand, vertical oe Ni 
- getion alone is considered, with due recognition | of the arch deflection in the 
ib at the top. In Fig. 42 the two previous effects are ‘combined ‘and the 
defections in general are less, ¢ due to the divided load. The distance, GK, 


allows for the arch a ction from the horizontal compression be the wall 


i> 


greater part of the e area, 


Division of load, 4 ee 


8 shear 


4 


rs __ The point, . D (Fig. 42), will not t be at t the same e height i in all the vertical = 


ments. |The. ‘beam ‘teh will become lees as the section approaches 


% abutment. T he reason for these variations is that the inward deflection of the am 
rch becomes less as the abutment is approa: e 


: 
Iti is with some temerity that the writer shows that the cylinder forms 


ment is approached ‘and therefore the deflections 
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here the beam load line crosses the vertical. . If this conclusion 18 correct, it 
a - should have some influence in n designing the section of the dam : at the crow, 
but not so much at the abutments. The su sub-divisions of the load and nd 
ain will be relatively large at the crown on account of the relatively large amb 
ee deflections at that point. — Near the abutments the vertical-beam load. i 
ss @ IM, will lie close e to the vertical, A, B,, and the point at which ‘they al 


@, to arch 
6b to beam 


j 


ia a If the foregoing conclusions are correct it would indicate that the economic ‘ 

i - design of an arched dam would require | that near the abutments = dam : 


should be more massive than at the « crown, both in wall and in n the 
As a last comment about ‘vertical beam action in a “dam, an advantage 


worth “noting is that the wet surface would be in compression ‘whic 
tend to make the wall more impervious while action have the 
a Referring. to the experimental dam now under construction on Stevenson — 
in California, i it will easy to determine whether the deflection is 
ae ee of a vertical beam ora . cantilever, by fixing several r mirrors in the down a 
stream face, and noting the t trace, on some distant fixed surface, of a reflected — 


ray from a fixed light. More than this hint would be ii 


be practically eliminated by one or more flexible joints. These would 
need to go only part way down from: the top. it is "practicable to put 
: “hinged” joints in a concrete arched bridge surely it could be done with safety 


in an arched « dam where t there are no shocks or vibrations. 
ge Although the ‘numerical determination of the stresses in an arched dam 
ae. seems hopeless, the writer wishes, in Titian. to call attention to the com- 

forting and d reassuring fact that, excepting temperature stresses, each and every 


a one of the ‘mechanical age agencies coming into play i in an arched dam co- oper ; 


Pe 


i 
3 
% 
3 
— 
— 
— 
we: 
fe 
ee Conte hus far, the writer has not alluded to the etiect of temperature Change, 
— 


iat 


g h, and starting with the cylinder formula the question 2 


is hig “Where is the danger | ?? but rather, “How far can the section | be Te 
duced below what would be required by the cylinder formula?” 


in nite is a as by Mr. J 
gen’s instructive paper and Professor Cain’s extensive discussion. 
When ¢ almost every phase of the subject is thus examined the resulting i 
theory becomes somewhat. ‘elaborate for ¢ every- use, come short- -cut 
 nethod will be. desirable and, in fact, ne necessary if. arch dams are to enjoy a 
: popularity they deserve. Such empirical formulas would have to be worked 
4 ont from results obtained by testing arch dams to destruction, that is, from ace 
such tests on a large scale as arein now under way by Engineering Foundation’ 
Arch, Dam Committee near Huntington Lake in Central California. bas. 
As the subject is complicated for absolute scientific solution, empirical 
, formulas based on actual test data will undoubtedly prove expedient for design- 
ing 1g purposes. ses, Several te tests to destruction were made on small arch dams in 
“connection with the construction of Lake Cushman Dam, a constant angle 
arch, O75 ft. high, built by the City of Tacoma, ‘Wash. While these test dams 
(li in. . thick, 36 in. span, and 36 in. radius, first series, and 15 in. thick, with a ie "he 
up-stream: radius) were t too small to use as a a foundation, for empirical 
formulas based on results from ‘crushing tests, it was rather interesting to find - ; 
a that the unit it crushing s strength of f these. arches was from 94 to 100% + of the 1e ae 
| unit crushing strength of cylinders made from the same material, t The crush- Be ’ 
ing strength of the arches was obtained by y using the simple arch formula 
(water pressure X up- stream radius = unit co mpression thickness), and it 
: was demonstrated (94 to 100% +) that at or r near the point of failure the ¢ 
=, stresses were distributed evenly over the section. It is evident from this that 
a the concrete must have “flowed” when the arch was highly loaded, to give the 


compressive stress an opportunity, to average itself over the whole area just s 


before the arch crushed. ody doidw ni 
t normal water load (reservoir full) ‘the stress distribution is far from 


ing uniform over the cross- -section, but it is reassurin to know that before fy 
Led 


Boneh failure can take place the average crushing strength of the building 
material will be developed, corresponding to a uniform distribution of the com- i 
3 pression over the section. With n more data available from actual tests on large ae 
“a dams, it should be possible to develop fairly simple empirical formulas, which ee 
- will give the amount of ‘stress and the stress distribution in the sip ma- 

> It is not safe to assume ‘the as taking any load, since it 
d 


loes- or does not depends: ont the degree of water-soaking and its distribution 

~ between the up-stream and the down-stream face of the dam body; and this Base 
_ cannot be calculated. It seems fair to assume, however, that the effect of the e 
Mater: soaking (swelling) is. distributed similarly to the ‘effect of uplift, or 


4 * Cons. Engr., Constant Angle Arch Dam Co., San Francisco, 


___tThese data will be published by B. E. Torpen, M. Am. Soc. C. Ei, who was largely meee 
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554 ON STRESSES IN THICK ARCHES OF DAMS) 
a that it is a maximum at the up-stream face decreasing to zero at the pe ae 
For the sort. of concrete for massive dams 6 approximately) te 


= the coefficient of swelling can be ‘taken at | 0.0003. * Then if a dam were 
; 800 ft. high before the water came on its up-stream face, it would become 
300 XK 0.00038 K 12 = . 1.08 in. higher along the up-stream face with thet Teser- 
a" voir full. As the down-stream face remains at its original length tl the dam 

would dete in a down-stream direction without developing any secondary 

ey ‘stresses to resist this movement. The amount of this deflection depends on the r 
- shape of the cross-section of the dam and m may | y easily be as much as the defiec- . 
(Gon of the arch carrying the full water load, in which case the cantilever can- il 


wee 


= 


= 


‘not relieve the arch of any load. This : also explains why the cantilever n never te 
cracks along the up-stream face at or near the bottom, or at any other place, 
eae and why apparent tension in the arch along the up-stream side i is not ‘serious; % 
is - tension simply does not exist in either place, due to the sv swelling of the wet con- q 


crete. Since it is doubtful whether the cantilever relieves the of any Toad, 

areh should be calculated to eupport theentire load. 

Dr. FReprik Voart (by letter) —The writer has studied this valuable paper 


“ae 


with the greatest interest. Its reference to his paper, “Ueber « die Berechnung 


der Fandamentdeformation* gives him the opportunity y of offering 
Fe plementary remarks on the influence that the yielding of the foundation has 


on these ‘thick arch es. For so complicated a a body statically as an arch dam, 


‘cous 


would be fiction to claim any exact stress calculations. The writer's calcul 
tions, therefore, d do not pretend to be exact, but only to show | approximately 

how the stresses are changed due to the yielding of the foundation. At fk 
it might seem obvious to consider this yielding as negligible. im 


investigations, however, show ‘that if a more or less correct 


be wanted, it should by no means be ‘neglected i in ‘the case of thick arches. 
mo. writer agrees with Mr. Jakobsen’s remarks relative to division of ‘oads 
etween the: ‘cantilevers and the arches. ‘The following, 1 therefore, refers | 
the case in which the arches have a known, uniformly distributed pressure, De 
f (the author’ s Fig. 2). The writer expects to publish a paper on the ae 7 


; of the yielding of foundation « on . the division of load between the cantiler 


(that is, load = Pb). The influence of the yielding of the on the q 
— deflection of this cantilever will be approximately equivalént to the replacement 
— of the elastic foundation by a ‘continuation « of the cantilever with the length, ; 
down to an imaginary unyielding foundation. caleutations assume 


that the fou ndation is bounded by an infinite pl plane surface, and ‘that | the mate 


the foundation follows ‘Hooke’s law. simplify matters, it is 
- ‘sumed that the modulus of f elasticity, , B, is the same for the foundation s for t 
a the cantilever, a condition n which will be nearly | fulfilled in 1 the case of a dam 
See | Campbell and White's experiments, Engineering News, July 6, 1911. 


— 


a 

4 

| 

= 

— 

— 

4 

| 


iven may by multiplying them by the E for the arch a 


to Eg for the foundation. If the rock in the foundation i is shattered, the yield- 
‘ing will be greater of course than is here given, since the tensile strength 
jm this case has disappeared. A calculation on this assumption is obviously 


impossible. Farther, the assume an without cracks 
o 


in and when 


the normal force or the shear is of 
Tf the deo to the normal compression is as 


formoles for the average of the 


2 


=P. 
M = P.h. cos = moment ia 


4 Besides this average displacement, there will also. be a curvature on the yy 


plane surface, due mainly to the normal foree and the 
is curv ving may also have some influence o 


the abutments, as will be treated in Article (0). 


_ © See Det Norske Videnskapsakademi, Oslo, 1925, No. 2, Equations 8, 17, 20, 23, and 27. 
; he pressure, p, per square inch in these formulas is here expressed by 'N, 8, and M, in the 
_ Usual manner. The formulas are e developed by means of the known equations from Boussin 


For values of varying from ato the expression, 
e Figs nd 6, “Ueber die Berechnung der Fundament eformation,’ 


Oslo, 1925, No. 


a2? b, may be — by Va 
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pared with the defiection due to the moment, the calculation t 
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«BBE voGT ON” IN THICK ARCHES or DAMS: = 
applying these formulas for the average of the 


Be: 3% tion in arch dam calculations, it must be remembered that the surface of the 
a foundation is not plane ina ‘sufficiently wide area from the abutment, ad 
that the formulas therefore give only approximate displacements. 
pe —. When each side of the arch dam is taken separately, for a dam with | the 


- 2 of b to a between 3 and 10 and Poisson’s ratio, —, between — and — 


Equations (111) may be written: 
bo as 


cade the 


a —The yielding of the foundation due to the direct water pressure on 2 
the sides of the valley will be considered subsequently. Ih the ‘meantime, the AG 
-yielding of ‘the foundation due ‘to the re reaction of the arch ring on the 


ents only will be considered (Fig. 44), i in ‘the ‘paper, ‘the force, x, 


unit length is denoted by X”, and ‘its from the center, C, of 
arch by « The. is assumed to making a1 an 4 


§ 

f 

es 

— 

a ie 

— 

— 

. 

sic! 

— 
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‘At an arbi 

x3 pave 


which, 


andtheshear, sil) no gritos 


., 


eras’ 


an 


~~ 
‘The moment, ete., t the abutment, to the center of 
(?, — ¥,) + Re 
A T, CoS — ¢ R (approx.) 


The angle, is small, and, therefore, 
With the not 
no tation, q= -, see the e author’s (23): 


_ *M, should be taken about the center of gravity and not about | the neutral axis of the 
curved arch, so that it may be used in Equations (112). As the distribution of stress 
a in curved beams is not linear, Equations (112) are only approximate. PB Oe eee 
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Article III of the.p .paper, the values, | = 1. 94 and c, = 0.94, 


to pressure are on the free movable arch, Fig. 44,8 ‘at 


4  gential elongation, u,, per unit length of the neutral axis, and a 
a of the crown section to the abutment section may be produced (see 
Article XI of the paper). “uniform change in temperature on the free 
“movable arch will produce a geometrically similar arch, and therefore 
The author’s E 48 lue of 6 al to ze, 
e aut or’s Equation ( ) gives a value o not equa x 
when =u. This equation, therefore, cannot be correct; the error 
caused by the r radial _elongations. the other hand a rotation 

be produced when Ue is not equal. to ‘When varies ‘linearly along 

the radius to ther the radial sections will remain 

which, 4u=w,—w,and 3 


From symmetry, the no ot that (see Equs- 


ta 


=o 


= cos + asin» +Au > (119%) 

From the Equations (38) and (39), ete., the  vadial displacement 


ide 
— 
= 
q 
— 
“4 
- 
— 
| 
7 


‘The displacement of the crown section must zero, OF, see 


Saal 


—r, (l—cos g)d@ 
in which, is the | quantity, safe in the author’s Equation (29), when 


cos cos | — cos — cos: v1) 


vfs 


1 — cos ¢,) — cos (¢, — 


— — cos [cos (1 — cos — | ») 


Equations and and A” may be found. The arch stresses 


ob For instance, when b= 4.50 and n= = 8, see (111) and (112), 


Equ 
= 16,7 = 0.7 7, and = 5.4 ©) ofsittA ai 


With ‘these wilt," using the example given by the author in Article 


& = 100 ft., = 50 ft., 45°, = 69.5 Ib. per sq.in., and u, = uj = 
(that » which gives c = 2.118 ft., r, = 97.882 ft. = 0. 


= 8687.5 Ib. per arch slice J, in. thick; 


A” = 0.88918 r, = 89.140 ft. 


of a * The psa ry u, in Equations (112) is the displacement normal to the abutment surface, bi 
a Ke in Fig. 44, and — « cos (6; — #1) is the displacement in the direction of X” resulting from 


4, are 
on, 
l (see 
= 
ation 
plane, 
— 
18) 
= 
190) — 
— 
a 
if 
ou 
19) 
| 
pent ia 
— 
tion — 


‘cau a educ ion 


force, X, and at same time the force is considerabl nearer the 
oe 


. center, C, of the arch (Fig. 44). The: ‘moment due to X is therefore increased — 
= at the crown and reduced at the dvatinent. It follows that the tensile pe 


the intrados is increased and that in the extrados reduced. 


‘Take now y, = 20° instead of 0°; then, 


956 r, = 82.178 


salty iis weil. 


when 


| 


.| A, in feet. 


Mr. _Jakobsen’s E Equations (34) ai nd (36), for the with pri 
angles, ¢, and di (see Fig. 44). When y, is not equal to zero these formulas 
are certainly not exact even when the abutment section is a plane, since the : 
- abutment section and the radial sections ns cannot's at the s game | time remain plane. 
_ The writer supposes, however, that the error is negligible, when y, is emaly — 

‘corrections that follow from the eurving of the abutments are treated 


The coefficients, and p, only slightly changed by a change in 
ate ratio of b to. a, and the values, n =0. 7 and p = 5.4, may be used as approx he 
mate values i in most cases. In any case the calculations are only approximate, — 
and therefore th the coefiicients are taken | only to the first decimal, The coeffi: 
cient, é, on the other hand, depends 3 more on the ratio of b to” a, that 18, 
on the length of the loaded part of the surface. For instance, ' with b = Go 
instead of 4.5a, and p are unchanged (to the nearest tenth), but is ir 
creased from 1. 6. to ‘The additional stresses the crown and 
The 


— 
— 
— a prod 
= 
— 
a 
3 n exten 1at 1 


we comparison the calculations are Table 1 12 2 for t 
ame value of —-, but with ¢, = 15° and using the values, € = 1.6,» = 0.7, 

oes for X7 aud tony be found 


iy _ |X,in pounds.) 4, in feet. Crown Section. _ Abutment Section, 


wer pei 


With i= 0.5 Tm and io, = 


‘it thickness, so ‘that the dam is palin more like | a plug or wedge dae i like 
arc arch, As may be seen » from Table 12, the tension in this. case ‘materially 
depends on the angle, By s such a wedge the ‘displacements ‘mentioned in 
Article (F), also : may be of importance, and _ e calculations 1 may be som 


ve 
ate mentioned, the abutment section, besides having the 


_ mean displacements given by Equations (112), will also suffer a curvature, 

_ @ven if the distribution of the load is linear. * This curving is caused more we 
s by the normal force and the moment than by the shear. The deformation Bo. 

and the e mean displacements of the loaded part | of | ‘the surface are shown | 


_ diagrammatically (dotted) i in Fig. 45. As an average over the whole — 


BB 


5. 


_ *See Figs. 4, 5, and 6, “Ueber die Det 
“Norske Videnskapsakademt, Oslo, 1925, N 
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edges, . E and I, the deformation due to the normal force, is about 


8% less for = rhs 6 than the mean displacement, and for ‘the gravity a axis, ae 


Consequently, 


= = — 0.08 X 1.6 X = = — 0.128 = 


nen the m moment is acting alone, the for the will be: 


=— =— Xx 5.4 x =0.9 
oll ee for the numerical — with fn = = 100 ft, ¢ = 50 ft, 


= — 0,128 - x 0. 


The distribution of stress is ‘then supposed to be = linear. 


principle that the space through which these “strenees act, in the directing “ 
arch a axis, is small. Let. Az be pi produced by the | stress, o, ona length equal 


— to t (for instance, 0.5 t in the arch and 0.5 ¢ in the foundation) ; the corn 


6,=p 0.009 + 1.5 1b. per sq. ‘in. 


4 
peat —p,— X 0.265 = — Ib. per sq 
on ich t additional stresses act is chosen arbitrarily 


= iss rather uncertain. _ The numerical al values of these stresses then also become — 


g aus uncertain. The calculation is given en here only to show that the local distri 


bution of stress in the abutment section, especially at ‘the intrados, will be 


materially influenced by such conditions, which are ‘difficult to ‘estimate. 


2@ At a distance from the abutments—at the crown , say—this correction, 4 


2 according to St. Venant’s principle, will not appreciably influence the distri, 4 

he bution of stress. The curving of the radial sections due to shear,. mentioned _ 


stress, corresponding additional stresses are, however, usually. small. 


See Equation 5, “Ueber die Berechnung der Fundamentdeformation, Det Norske 


gf cit., Equation 10 tab 


in the author’s Article XVI, will also cause a change in the distribatien of 
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—If the temperature of the arch is changed and the cpcunene 
3 variation is linear along the : radius, from Equations (117) and (118), for the y) 
free movable arch the values, u» and 6, may be expressed by the ‘temperature 
ariation at the extrados, T,, and at the intrados, T;, and the coefficient of 
. expansion, B. _The corresponding values for X” and A” may be un 
A numerical example, foe 100 ft, t = 50 ft. = 45°, 
“and BE - = 12 Ib. | per sq. in., i is given i in Table 13. The values are Sasi 3 
for T, = 0° Fahr. and 1° Fahr., and for T; = 0° Fahr. and 1° Fahr. The a 


actual stresses can fouhd by multiplying these values by the actual tem- em- 


13.- —Nowerioat EXAMPLE. —STRESSES yor TEMPERATURE Ra 


J 


| 

in feet. 


Taxstoxs, POUNDS PER ‘Squar ne Is 


Crown Section. Abutment 


PY Extrados. | Extrados. 


57.065 | 117.400 | —8.201 | +1 732 6.801 


.| 145.680 | 105.668 | +4.59% | —O0. 548 | — 
—172.588 32 | —16.649 | —8.961 | —1.147— 
818.218 


For these stresses, ‘too, it is s seen from Table 13, ‘that the yielding of the 


a  fepdation is of importance, reducing the stresses to a marked degree at 

Jos Corresponding values may be obtained of ¢ course for the equivalent shrink- Bn 


w enmnebahgin at the extrados and a tension at the intrados, but the maximum ve 
stresses at the abutment are for the given example > only about one-half io at 
=f found by neglecting the of the foundation (see Table 


x 


__* The calculation is carried out for the displacement of the foundation relative to the _ 
@fch crown to get an expression, which holds also when the abutment is turned through — 


— 
— — 
is, — 
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ual 

nex, 
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ee In addition to this there is the displacement of the preheat in “the down- 5 


stream direction 


— [N Sin — + 4, cos (¢, — +7 

> 


The total radial deflection for th the erown is: 
With = 0.5 tm, and = 45 igure 
= 
aly 


unyielding the be put in the form:* 


= 


1.5 5 (a + sin cos — +q (c, Cy ‘sin C08 fe 


In Fig. 46, he is shown as a function of qa and ¢,, calculated from eat 
and These coefficients correspond =, 3.8, thr Mr. 


- Jakobsen uses 2.88 (see his Article TID; the difference in the final result is 


For unyielding foundations i in the ‘numerical! example previously given: 


age 


= * See, also, “The Circular Arch Under Normal Loads,” by William Cain, M. Am. oe 
E., Transactions, Am. Soc. C. E., Vol. LXXXV (1922), p. 233.0 


The writer had these curves drawn before 8 paper ener 
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a th, / = 0.45 t, below the actual abutment see Fig. 43 and 


(see Fig. 47), is 


¥ 
2.0 


9 


| 


Tn such an arch the due to the ‘moment approximately 


equal: to the displacement in the “actual arch; but the displacement due to 
- the normal force and the shear in the foundation gives” an additional dis- 5 


‘placement of the crown scction. The total deflection, 4 r,, of the crown may 


be found approximately from the expression: 74 
For the numerical example, with ¢ = 0.5 r,, and BT° 53. 


and from Equation (127) * hire ed Io or anteed 


ip 


65 
— 
(122) 
— 
— 
— 
— ani | 
— 
— 
_ 
N 
— 


hy = 45°, = 0,255, error = Ot 


0.05 , error = 
0.125, error = 


: Compared with all the other euneeinedinn 


of 4 


cant 


get a simple approximate method like the one here given. For “colada 4 
stresses, writer would prefer the more accurate methods given in 
(FP) —Since it has been made clear that even for a rock foundation the 
ot be neglected in calculating the stresses or - the deflections 
in dams, a study should be made as to what displacements the water pressure 
‘on the bottom and the sides of the valley produce at the shutments, 
dently it is not the absolute displacements of the “foundation that are . 
interest for the stress calculations, but only the displacements of the different — 
parts « of the arch foundation | relative to one an 


must n 


nearly the same displacements for all parts of the foundation. . It is extremely 
difficult to make an accurate calculation, since the surface of the valley is. 


ntilevers and arches, and 


566 ‘Your ¢ ON STRESSES IN ARCHES OF DAMS 
The error for different values of and | q is: alt 
= 80°, = 0.125, error = va 2 to 3% 


thes errors are not ou al 


theref 


other.* 


‘not plane. A rough estimatet | seems to show ‘that, for a 1 wide dam ‘site, , fo 


_voirs: 


of about 3 in., due to the elastic deformations alone. 
- per sq. in., and follows from Equation (111). 


be used to determine the average value of EF for solid rock. _ 


+ Based on Equations 4a, 4b, and 4c in 


“Ueber die Berechnt 
deformation,” Det Norske Oslo, 1925, 


instance, those with the length of dam about ote times its height, or more, 


* The following may serve as an illustration of the absolute displacements in large resem 
In a reservoir having an area of 1 by 2 miles and a depth of 150 ft. (that is, 
8 400 000 000 cu. ft.), the filling of the reservoir will give a mean lowering of the ey. 4 


‘The measurements of such displacements 


This calculation assumes = 2.1 


No. 2. 


if From this it follows that only the pressure | in the neighborhood of the 


dam counts, since a force acting at a great distance from the dam will give 


about 


Fundames 


2 
this method for calculating the deflection may be. sufficiently accurate, 


ay 


al 

= 60°, g = 
4 

finding the division of 

| 
| 


abutments will have practically no ‘relative displacements due to the 


pressure, In narrow canyons, however, this pressure ‘produces a ‘displace. 


ment which acts in the same | manner ry a lowering « of the temperature « of — 
 é dam, for instance, in a om having a span and height equal to 150 ft., 
perhaps about. 3 to 5 5° Fahr. If the « canyon is formed along a geologic line 
of weakness, as is often the ‘ihe the s displacements + will be increased to some 
extent, while the bottom will yield more, due to tensile stresses, eevee 


eae with all the other uncertain factors, the writer believes. that 


this effect in most cases will not be of importance for the stress calculations. — 
- It may be of importance, however, in exceptional cases, , especially for high — 
dams in very narrow canyons, and then it reduces the arch effect. -, isin 
— (@ —As a conclusion it may be said, that the yielding of the foundation 
# thick arches reduces the bending moment at the abutments, and therefore 
the tensile stress in the extrados. ‘The bending in the ‘crown 
wel well as the tensile | tresses in the intrados are usually increased. 
stresses due to change in "temperature, shrinkage, and swelling are “usually 
“The radial deflection is increased. When the arches are thick 
all these changes in stresses, etc., are 80 great ‘that they by no means should Lon 
be neglected. With thin arches, on the other hand, they are small,* because 
with q equal to zero all these changes are equal to nero. i } “secondary 
arch”, treated in the: ‘Article XIX, may then drawn in accord- 
yielding of the foundation obviously makes the calculations more 
~ complicated, and it has been shown that small variations in the conditions, 
i for instance in the angle, y,, in short thick arches alter the stresses. Further, 
a Bumber of corrections have | been mentioned that are difficult to estimate 
~ accurately. Ih addition, there is the influence on the division of load between - 
the and arches, depending on the deflection. It should be real- 
‘i ized therefore that there will always be considerable uncertainty in the cal- 
‘culations, even if there is complete and accurate knowledge, not one of the 
_ water ; pressure and the temperature, but also of the elastic properties of ‘the: 


rock and concrete, § and the shrinkage and swelling of concrete. No calculation — a 


Georce Paasw ELL M. Am. Soc. O. E. letter).—The writer is keenly 


: interested i in this analysis of the arch and presents herewith some minor notes 
- of discussion introducing a novel analysis of the arch, with the hope that his 
method will lead to a more thorough analysis of the actual problem | and the 
correlation | n of the results with the data gathered by experiments. bik 
: Ast regards temperature changes in large masses, the writer would like to ae 
a call | attention: to some equations he has derived to show the variation in the 
_ ‘Tange e of temperature as the distance from, the exposed face increases.t The 


periodic cycle of temperature changes may be given by an equation | of the 


| * For instance, for the test dam in Stevenson Creek, California, the yielding of the - 
a foundation will hardly be of great importance. 


. Corson Constr. Corporation, Brooklyn, N. 
‘Retaining Walls: Their Design and p. 151. 
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in which, u is was temperature, A and B. are constants determined from the 


range, T is the period of the season, and ¢ is the time when u is measured, gi 


‘If x is the distance, in feet, of any point within the mass from the sur ace, 
the ratio of the range at this point to that at the surface i is eke cos ka, in 


which, ¢ e is the base of natural logarithms and ki ‘is a coefficient ‘such that, 


‘The quantity, @ 2, is the coefficient of th yermal diffusiy sivity, which, i in ‘the centi- 


meter- gramme-second system for | concrete is 0. 0058. For a period of one year, 
with T measured in seconds, = 0.00413; and for a period of one ‘day, 


k=0: 079. - From the experiments of Messrs. Paul and Mayhew quoted by the 


: author, Table i4 has | been compiled to show a comparison between the actual 

and the theoretical ranges. = 

> a 

‘TABLE 14. 


RANGE. DaILy RanGE, 
cos he, Theoretical. | Actual. e—kz cos kx. | Theoretical. 


| 
Hen sal 


i It would appear that the formula, e*® cos k x, is simple enough, and cull 
ciently accurate to warrant its use in the determination of temperature ranges. 
To design an arch barrel by the usual formula is, of « course, as approximate — * 
as to design a plate by the b beam formula. _ The writer has attempted, therefore, : 

‘to analyze the arch as a surface rather than as a ring and, in spite o the 


intricate mathematical analysis involved, hopes that at least qualitative results 
; may be obtained. — In a general stu ady | of flexure it is assumed as the basis sof 


common theory that the middle ourfnce i is unextended, that is, the neutral 
| and the gravity surfaces coincide. The author has shown that this assumption — 


gy 
, be 


‘is invalid for an arch of finite of thicl to radius. fi However, the 


: pens barrel of average central radius, a, and thickness, 2h, subjected to water 
"pressure. For simplicity in the radius, a, is taken as unity. ‘ond : 
> the height of the arch, L, as 2. The arch is assumed to be fixed | at the 4 
bottom, and freely supported at the sides, ‘Measure the co- -ordinate, z, verti- 
- cally downward from the crest of the « dam and the angle, ¢, in the horiscaitl 

‘Plane from a central plane bisecting th the arch sector. r. Let the total sector angle 2 


a be 2 The flexure of the arch surface introduces | a change in — 


“vertically, and ee and also a twist of the normal to the arch 


— 
7 
} 
| 
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| 
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0 ON STRESSES IN THICK ARCHES OF D 


about itself. Let k be the change i in curvature in the z direction ee in the 


’ direction ; and t, the twist; and let w measure the radial deflection at any . 
point. ‘The changes i in be such as 


Love for a demonstration) by: 


energy, by this change in curvature may | be in 


pi = C is the flexural rigidity, and o o the Poisson ratio; so that pjeevenl 


If p is vibe intensity of water pressure at any point with the co- -ordinates, 
and the theorem of virtual work 


| 


differential coefficients previously given, Substituting the values 
the coefficients, k, K, and ¢, and ‘simplifying by applying some theorems i 
wed of variation, there fe results a general differential equation: 
=als wo 2 dw 1d w 2 d? 
2 

med a general flexural equation. itt the radius i is s made le infinite, : 


Again, if the plate i is to the 
If the cylinder i is taken of uniform thickness and of infinite length (the pipe > 
problem, or tunnel lining), the ‘equation is ‘directly solvable and gives. q 
a stress system with due consideration for the continuity of the structure. If a * 
length dimension is suppressed there results the usual equations: for the 
ring. Unfortunately, there is no direct solution for the general equation 
given and a particular form of solution is assumed, satisfying the ‘equation 
id the | conditions at the edges and containing a constant which be 


computed for “specific values of thieknes and conditions of loading. 
w=f(L—z) sin 6 [sinh — 2 
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in which, 6  (¢, and j is a constant which has 

the ‘condition that the cantilever moment must vanish at the ‘crest. Lab 9 
ia represent the moment in ‘the vertical direction, that i is, the so-called cantilever 


ot and let @ represent the ordinary radial or arch moment : : ae 


[2 — y) y ty da — 


)— 23] 


6) — 


Cf sin 6 


si inh 3— 1 6 cosh y 
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Ex 
Th a qualitative study to be made of the moment variations a 


se Fig. 48 is shown the variation of the cantilever and of the + ‘arch “moments. =. 
taken vertically along the crown line of the arch. At any other | 


“yo 


‘moments are the crown moments multiplied by ‘the sin This study 


on shows that the cantilever moment acquires a maximum value at ‘the foot far ri. 


_ exceeding the maximum arch moment. It is noticed that the = ‘moment a 
sign toward the bottom. pe rings unestonded, thie 


th atling of moment values with the hope that data” 
s — to give sufficient color to the study to justify its further citeaiseilll = 


W. A. Perxixs,* Assoc. M. Am. Soo. C. E. (by letter) —This paper and *. 
sat int n th; 
"discussion on it by Professor Cain throw much new light on this complica 
writer, » however, feels that the roblem is not completely un. 


for very thick arches which | show heavy tension at the abutments and crown; 
a nor does the proposed solution by the secondary arches give the correct answer. x 
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rues ON STRESSES IN 
mies that lee will auie at the junction of the extrados and the abutments. 
4 There is less likelihood of | these | cracks appearing at the crown, because co con- 
ditions there are more favorable for tension, and the 
gre little more than one-half those at the abutments. . Assuming, h however, that ie: 
a failure 1 in tension occurs at both points, it is not caer that more » than one ‘a 
“erack would appear at either place. It is certain that no cracks will | appear 
at the points of no moment, approximately half way between the crown and the 
- abutments, and there are not likely to be any for some distance @ on either side 
of these points. All that part of the arch ring in which no cracks have occurred ie 
will be working to overcome water pressure. If this , tension failure occurs, sah 
4 the ‘assumptions on which the ‘analysis « of the primary arch was based no longer 
exist and, therefore, the formulas cannot t strictly ad} 
The principal actions that are e taking | - place within a thick arch under stress 
are a shortening of what may be called the diagonal from the crown at the " 
~— extrados to the e abutment at the ‘intrados, and a a lengthening of the diagonal a 
from the crown at the intrados to the abutment at the extrados. Some of git 


the load that i is assumed to b be resisted by moments in n the primary arch analysis 
‘actually being carried by compression (corresponding to the stresses 
3 sented by P in Professor Cain’s formula) and the remainder, resulting from wat 


the reduction of the moments, is being carried by shear. 240 to, 


Pll the assumption i is made that the secondary arch is carrying the load, ‘ss 
there is omitted from consideration the greater part of the concrete that lies 
along the diagonal from the extrados at the the abutment t to the intrados at. the 


crown, the work of tension, compression, on, and shear which is actually 


yes by this neglected body of concrete is assumed to be done by the thinner, ssecon- ne 


dary arch, evident, then, that, ‘the true stresses and deflections must lie 
between those found by the analysis of the primary and of the secondary arches. 
_ ‘The writer recently attempted to arrive at a more correct solution of the’ 
problem by s substituting a variable moment of inertia iz in Equation (5) and : + 
‘the equation for deflection in Profesor Cain’ 3 formulas. This va variable, I, 
derived from the formula, t 8 a in in which, t, = crown thick- 
ness; t= = the thickness any point angle tc to. which the center line is 


i, db? and at the e abutment. ow, as bore: wor Cain, 


e resulting are somewhat onger than those of Professor 


_A true analytical solution of the problem is perhaps impracticable because 

= the irregular variation in the value of the moment of inertia of the arch hac 


after cracking has oceurred. A however, be 
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cular, and the thickening was assumed symmetrica about the center line. 
be @ The writer does not believe, however, that this gives the best form of arch. The ae = 


obtained by ‘the graphical method suggested ‘by Mr. J akobsen. 
= ie tr of the arch, by means of whieh’ the 


relation between arch and action is determined. 


‘relation is difficult to determine because of the many uncertain facton 
- that enter, the prineipal ones of which are: temperature changes, wate 


the ‘upstream face, and the variation in n the relation that will be foun und 


exist as successive vertical slices from the crown to the abutment are studied j 
Sensor in the value of E does not have so much bearing because of ‘the 


: — fact that EZ enters in the same way in both cantilever and arch’ action, n, and, 
therefore, ina sense, is cancelled. ‘ots oo} 


a The writer was recently called on to analyze the Pacoima Dam and will 


arch dam of constant radius, which will be called Dam No “1 To study the — 
stresses at the base a of the cantilever, the division of loading, at : the crown, was 
determined from the deflection curves, successive trials being made until 
division was found which | gave practically the same . deflections for the’ 
and the cantilever. Owing to the difficulty of reconciling the ‘deflection’ 


=< 
. Ps of the arch and d the cantilever ni near the base, the effect of the deflection of the 
cantilever due to shear was investigated. 


—- _ The deflections for Dam No. 1 are shown on Fig. 49. This arch has ; a Con: 
Cae - stant up-stream radius of 175 ft., , a thickness at the top of 5 ft., and at the 

ae bottom of 64.5 ft., a vertical up-stream face, and a concave face tier stream, 

The arch deflections were computed by Cain’s formula for the primary arches, 


an? Ry 


% and the deflection of the cantilever due to moments was found by the 1 me 
of moment-area diagrams. The cantilever deflections due ‘to shear were found 
for each 10-ft. block from the three formulas: y, =S1+G4;y, = 
GA; Vs = w + 6 GA, in | which, S = total load above the 
P= the of a distributed load against the section; 
= the unit weight of a liquid or triangular load. If the triangular load i is q 
‘Yous own, , the deflecti ons are twice the value of those given by y the I last "e 
formula. Any load acting to produce | shearing « deflection in any section can 1 be 
resolved, practically, into these three types of loading. 
The deflection’ of each 10-ft. elevation about the 10-ft. below 
computed, and the summation taken, starting from the bottom. To simplify 4 
work, 9, P, and w were assumed to be equal to and the deflection coeli- 
for each 10-ft. section were determined. "After the probable division 
i found, the deflection coefficients were multiplied by the loads in the table” 
an ae rom which Fig. 49 was drawn. The shear deflections were added to 0 the Sa 
moment deflections of the cantilever to determine the total deflection of the 
_— Tatter. The mean area of the section considered was A, and G was assumed a 
A 1.000 000 Ib. per sq. in., or 0:4 of the value used for EB. Because of the parabolic — 
oe distribution of the shearing stresses, the true shear deflection was assumed to a 
aie 1.2 2 times t that given by the formulas, which ‘assume a uniform distribution “* 
c ‘Tt will will be x noted ‘that ne near r the base, the Shear r deflections are e much § 3 
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on line makes an abrupt angle | with the tangent t to ‘the pidchaesishteias 
: This fact probably explains why tl there are no cracks at the base of many dams 
Cam by analysis without introducing this shear action, would seem to mes 
racked. The same general conditions were found to apply in the Pecoima Meg 
Dan although the ratio of ver to areh bo load is much smaller 


There seems to be some hesitation among: engineers to accept ‘the results RA 
btained from the use of the Cain, Jakobsen, ¢ or. Noetzli formulas which show gs 
such large moments with thick arches with small central angles. A simple at 
illustration should clear 1 up doubt. Fi ig. 50 ‘illustrates the action in two. 
Struts supporting concentrated load” that is analogous to the action in 
an arch, for as the strats are the proper s supports for a concentrated load, so the es ; 
arch of of circular section is the proper ‘support for a unifor distributed load. 
BS Angle ¢ in Fig. 50 corresponds to the central angle in the arch. ‘For Struts 
is large, @, (its supplement) | is small, and the load is carried almost 


“entirely by action. ~The ‘angular movement of the apex of the struts 
“about. the abutment, by the compression in strute—the latter corre- 
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much larger. for the ‘same than they a are in Stru 
ary 


pl 


=4 

“If the | should be divided into several partial maintain 
would be be ‘necessary to increase the number of struts, so that the 

tal number of sections in ‘the , partia al polygon forming the span would always & # 
© one more than the number ¢ of | loads. a If the number of loads were increased 


without limit, they would approach | a a condition of uniform: loading as s their 


This illustration suggests | a possible method of analysis of the arch, butt the ; 
"from those already published. a 
4 


an ol Professor Cain’s discussion, which 1 latter might well be considered a paper 
by itself, ¢ are , of much interest to ‘the writer, especially i in view of the experi- 


ents in progress at present or on ‘the Stevenson Test Dam of Engineering, 
oa The writer is pleased that Professor. Cain once more voices the opinion Be 


that it may prove feasible to establish a definite mathematical relation between 
the: deflections and stresses in arch dams, J. akobsen, , on the other hand, 


4 
; 
ta 


> 
experiments on the Test Dam g give promise of a definite an answer to this, question. 


The are of the stresses in thick arches of dams i is a rather connie i 


4 
— 
— 
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rect forimulas than those svaildble ot Profi 


author introduces a number of assumptions not ordinarily in the 
— @esign of arch dams, such as the location of the neutral axis, Poisson’s ratio, 
thie influence of the vertical stress, etc, Except for benefitting by the correct 
Jocation of the ‘neutral axis s, as was done a Iso by Professor Cain, i it i is a ques- o 73 
tion whether Mr. Jakobsen’s will lead to materially higher 
- degree ee of accuracy in in actual stress computations. £ There would ‘appear to be 


$00 much uncertainty involved as to some of the assumptions that vitally affect 


+ the result of any stress analysis in arch dams, namely: (1) Modulus of elas- oes 
“ticity of concrete; (2) temperature changes in dam, both ‘uniform and variable, ish 


from up-stream to. down- stream face; (3) shrinkage due to setting of con- Ce 
erete; (4) swelling due to moisture in conerete; (5) arching im inclined and — eek 
‘vertical planes; (6) proportion of water . pressure s supported by horizontal’ arch- eee 
ing and by vertical cantilever, beam, or other action; (7) variation from'the 

uniformity of load on the horizontal a arch elements between arch « crowns and 

abutments; and (8) flow of conerete ander a ‘sustained load. 

It is rather doubtful whether the author’s theory of secondary arch action 

ve » be used in the analysis | of stresses in ; arch dams for which the wine 
the occurrence excessive; tension cracks in the 


is one of the reasons why arch dams are 2 relatively safe structures even n after, 


Professor Résal’s_ formulas, as used by the author, 


formation of cracks. |... ... 


arch. _ This ‘should be kept in applying this theory. ‘al 


mn. in. Curved 


of Professor {which is the same theory 


a 8 5 that expounded in this paper] is not applicable to arched concrete dams, 
‘ * * and that for this reason the Rankine [cylinder] formula is the most 


ae =" PAR 
Mr. Jakobsen believes “the that the eylinder ormula 
“holds good, however, errs on the side of danger; no conservative engineer can 


4 Thus, within a few years, he a apparently has changed | or ay an ardent 
adherent of the eylinder formula to an advocate of a’ a fairly complicated theory ry, 
and the w writer wonders whether Mr. Jakobsen has not gone a little too far i in 
bri Iti is to be hoped that the experiments on the Test Dei will furnish feliable 
data and information on arch dams. These data will be helpful especially i in 
— two Ways: First, for developing a theory of | arch dam m design, which say 
Probably only ‘approximate, will give » reasonably accurate results; and, second, 
- for establishing sound assumptions on which such a theory may be based. __ US 
* Transactions, Am. Soc. C. E., Vol. (1923) p? 


3 kee. eit., Vol. cartel (1921), p. 108. 
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‘JAKOBSEN ON STRESSES IN THICK . ARCHES ‘OF DAMS 


‘The author seems misquoted the writer relative toa staternihil 
‘the probability of cracks in the vertical elements of some arch dams,* Le : 


With regard to the influence of cantilever a action, ‘swelling of the conerete 
to water- soaking, deformations of the bed- rock, etc., which Mr. Jakobsen 
oe at Ee has discussed at some length i in this and in previous papers on dams, the e writer 
ba . prefers to wait for the outcome of the experiments on_ the Test Dam and on 
other dams under investigation by the Committee on Arch Dam Investigation, 
would be be interesting, however, ‘if Mr. J akobsen would. apply. his ideas ad 
e theories to. the. interpretation of the deflections of some dams, as, for i ins 


in connection with actual measurements on the Salmon Creek Dam. t 1a aa 


2 B. F. Jaxossey,t 0. E. (by letter) —In Article XIX of the 


me tion was derived for: a loading parallel to the center line at the crown and 
not for radial loading.§ ‘Therefore, the abutments: in‘ Fig. 23 should have 
sid been shown parallel, with L as the distance between them. Résal also assumes ba 
i‘: 2p oa (see Fig. 24), that the length of the parabolic are, ds, is approximately eral 
ire to its projection, dy, on the Y-axis, and this is true only for a flat arc. The 


secondary parabolic arch for a short thick arch is far from being flat and for 
this condition the Résal formulas become unavailable. 


thask 


“In designing the Dam it became clear that the secondary ‘ie arch 
plays a considerable réle in determining the maximum stress. The subject, ff | 


ee ae In order | to avoid undue complications and generalities, it is expedient 


consider’ a a “spevific case. Consider, therefore, the arch at Elevation 10 
Sa in the Pacoima Dam, ‘shown i in Fig. 51 with the irregular abutments, » as the ved 


except for the of the ‘abutment. The secondary arch as.deter 
= from the writer’s formulas and from Fig. 21 is also ‘show, ee 


dimensions of of this secondary arch are, = 
and 24, = 152 degrees. secondary arch, determined Equation 

Phere are t two objections to the secondary arch. ‘The first is that the actual 
loa 


ad does: not coincide with the assumed load. ‘The actual load is, normal 4 


“Considerable calculation has convinced the writer ‘that this objection 


ti _ The second objection i is much more serious, In Fig. 51 the ‘points, Aland 
B, lie just inside the secondary arch, while the points, A’ and B, , lie just out kt % 
side. the secondary arch carries | all the load, the distance ‘between the 


but i is taken as equal to water pressure, which is, of course, not exact. a 


* See p. 517, and Arch Action in Curved Dams,” Transactions, Am. Soe. 
Transactions, Am. Soc. C. E., Vol. LXXXIII (1920), p. 321. | 


“Stabilité des Constructions,” J. Résal, ‘Librairie polytechnique, Paris, 1901, pp. 
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A and when ‘the lo load is applied, but the: distance be- 
een the points, A’ and B’, remains the : same, since there is no stress outside ae 7 
Cees secondary arch. This is not era and the error involved is likely se + 
‘tpiincrease as the ratio of thickness o original arch to that of secondary arch eo 
jnereases. For short thick arches maximum stress found for the secondary 


gh i is, therefore, — to be much in excess of the actual maximum stress. a 


as for the original ‘arch and in ‘order to intelligently of 

sufficiency of the abutments, it is ‘Mecessary to know something about the 

direction « of that : stress, 3s, which at Point W in Fig. 51 will be tangent either to 

hte original or to the secondary arch. Since there is compression in the in- _ 

_ trados near the abutment, it is not reasonable to assume, as ‘is done for the *§ 


“secondary arch, that the « concrete lying down stream from the. secondary arch 


does not transmit stresses. In order to arrive ‘at an understanding of what a pee 
actually happens, the following calculations were ‘made. of: agi i179 
Neglecting the vertical stress due to the weight of the c concrete and ‘the | 


water pressure on the up-stream face and, also, the effect of swelling, shrink> we 


- age, and temperature, as well as the deformation of the abutments, and assum- #3 


Poisson’s ‘ratio, = 8, ‘the resulting: tangential stresses at the vextrados 
intrados . at ‘crown and at. abutment can be) determined. The constants 


or this arch: are: 29, = 41°93 r= ‘149 ft.; t= 84 ft.5r, = ‘191 ft.; 107 ft.; 

0.56 and , from Fig, 400 — = 2.7, ore ft.,'so th ae 


= 144.975 ft. From Equation (18), A! = 141,904 ft.; from Equation (38), 4 


— 2.17 =; and, as a check, from Equation 2.2273 — 


38b 
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hy Rgnation (58) X 162. 12, 5.0 and k, 1; 
a at Elevation 1700 is due to 325 ft. of water on the assumption that the wa Ss 
stands level with the crest and that cantilever action is neglected, so that ‘2 
om 141,0.1b. per sq. in. The stresses due to X’ acting a distance, A’, from, the y 
center of the arch may now be found from Equation (34); they are, ‘compre | 

being negative, as given in Table 15. 


a 


1.12 j +8.14 p, Se 


ie a ant The Lamé stresses from Equation (6) are, for ‘the extrados and intrados, 

— 1.92 p, and — 2. Te stresses are as given in 


mee 


— 


By assumption the concrete cannot transmit tension and, consequently, 
tress distribution in 18: cand, 16 eines. it. 


The tension i in the the abutment toward the-o crown; 
that a point on the extrados close to the abutment can be found 


zero. to denote “these sections as a ‘location 


determined from Equations (34),and (36): ait 


cated i in Fig. 51 the bat hatched areas. No tension exists in the a arch between 
Re a: ce the two sections, a and ¢, ‘and this part of the arch is therefore not affected: 
Assume, now, that X’ ‘and A’ remain unchanged and consider the part of 


arch between Section a and the abutment, The shear forces acting | radi- 

as the water pressure acting on the extrados, 

th. If is the 


“a 
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is 


ofall tangential str stresses acting on Section a and R, is the distance from | 


to'the center, C, and if P, ‘and R, : apply to the abutment section, itis, 


te Also, from Fig. 51, when P is the sum of all the tangential stresses on any sec- 
Dy 


in Which, the from the center, Cc, ‘to the point of application of 


the Lamé stresses. For any section the stresses must total p, 1, 


also, Professor Cain’ and the lever arm, rz, is obtained 


On the assun u 
‘fot Section a is ' from’ (129), (130), ‘and P, 


R, may be determined. This gives the sum of the tangential stresses, or the | 


r st at the « abutment and the point of application of this ‘thrust, but it does 


not give the stress distribution, nor the thickness, ’ = DH , and, therefore, a 
the maximum stress that occurs in Point H is not. determined. 


should be noted that the ‘calculations are carried ¢ out for the condition 


‘3 that at the up-stream and down- stream fa faces are concentric, which is true for 
the arc through the points, F, J, and H; the _down- stream face is not co = ee 


hon to the up-stream face and is shown as ‘the arc through the points, F eat 
and N. Also, the caleu ations assume that t the ar arch is symmetrical so that 


the radial line, CHD, is the a abutment. Tf symmetry cannot be assumed, the 


The stress distribution near the abutment might be by 
use of the fundamental Equations (71) and (72), by assuming the stress 
distribution as given by Equations (36) and Thi his would ertainly 
“be ver very + complicated and not quite correct ‘unless the abutment deformations 
‘were ¢ also > taken into account (see Dr. Vogt’s discussion, especially ‘Fig. 45). 
Tew writer does not feel equal to the task of determining | the stress distribu. 
, te by calculation, and the only other avenue open is to select one or more ae 


= assumptions and see Ow these affect the maximum | stress” ‘that 


oceurs in ‘the point, ‘Two ‘assumptions will be investigated: 
I—That the tarigtaitiel stress distribution ‘at the ‘abutinent section, DH, 


; is similar to that of Section a. . The stress in the 0 points, 1 D and £, , is 
—That the tangential ‘stress distribution at “the ‘abutment 
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at coefficient, is ‘a constant. and P, ma, be. obtained from Equa 
ees (180) and R, from Equation (129) and then k follows from ‘the first equation 


oe Equations (132). _ Likewise, F; and . R, are obtained from Equations ns (130) 
and (129) ‘and, therefore, cz can He! found “from the last | equation in n Equations 
Designate the stress in the points, and of oy and 
he angle, das obtained from the first equation in (128), 


= 146.12 ft 


ann) 2 


and from 


dis 


> 
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from Equation (131), rly to dons adi ‘Taupe [56 2008 
if 


maximuin stress’ at the abutment, which occurs at the 


Wy 
or 35% greater than the stress, 6H, which is the maximum stress on nthe 
assumption on X’ and A’ remain unchanged when the original arch , yields 
in tension, as indicated in Fig. 61. “The ahoet 


reve 
stress be computed | by the cylinder fc formula i 


that the are, is the Gown-atream face. 


_ 
af 
° 
— 
— 
ive 
a 
5 


2 


II 


that now) 58/7 ft, a8 agtinst 68.03'ft. found by Assump- 
tion. P, was 38.60 p,, so that ‘now. wiebaodee adi 


— 


179 


“fu! 


ral idea \dea of 


In order to form an.idea of the. tangential stress distribution at Section a, 
this is shown in’ Fig. 52 and: Table 17. The Lamé stresses are obtained from 
Equation (36) ‘and the bending stresses from Equation \(31), in which,. 


The moment of inertia is: I = 49/392, .so that — and the. tetisile 


4 I 413. 


dae, Jade od. ot. di. $tat-zita the baler 
The calculations that, were made. previously for Section near the abut- 


ment were repeated for Section near, the crown section... The ‘Tesults were 

found to be, cos = 08 99193, de =, 7° 17’; this is much larger than the 

— because at the, ‘sbctmenta, the moment changes rapidly w while ¢ 
crown it changes slowly (see, Professor Cain’ 8, Fig. 32), The 
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orm at deep K for Assumption Ti is found to be, 0. 68 Pe and P= 29.613, 3 


: and k = 0.33571, when Equations (132) is - replaced by, 


‘the crown-section, P, = "98 30 Des R, = 170.36 eA = 61.48 ft.; and 


= — 0.887 p,; this is the maximum stress a at the crown cui me er 


; comparison the secondary arch as determined from Fig. the dimen- 
ime of which have been previously wiyen, has a maximum stress as deter 
= 788 ‘Db. per sq. in., , since De = 1411, 
per sq. in. Under Assumption I maximum stress was 1 69 Pe, so that the 
4 maximum stress of the secondary arch is 4.36 36 times greater. ‘The writer stated # 
Po specifically that the stress found in the secondary 8 arch was not the true stréad, 
bat a safe stress to use, especially as a first approximation. ie we a 
TABLE — TANGENTIAL Stress DisTRIBUTION ON a in Fic. 


ae 


= 


RESSES 


= 


The stress distribution thus found is predicated én the assumption that 


d Sow A’ remain unchanged when the hatched areas in Fig. 51 yield i Id in te tem 


ithout resisting. . The writer believes that this assumption is ‘approx 


Gan which seem to substantiate this belief, but they a are of course only roughly” B ’ 
prereset and can furnish only an indication; moreover, they involve addi 

tional: assumptions and since they are tedious and of no significance, 

In the stress calculations previously given it was alideial that the line, 

Ae H D, coincides with ‘the abutment a nd this is not. true, (see Fig. 51). ‘The q 
* 


deformation and ‘consequent yielding of the abutments were also neglected, 


materially simplifies the ‘calculations, may | 
yea ‘to be discarded. At any rate it needs to be demonstrated that the assumption ; 


Nie of ‘symmetry does not lead to large | errors. An examination of Fig. 51 shows 


ag og i plainly that no line of symmetry exists and this i is also the case at most other 


symmetry of for each 
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+ JAKOBSEN ON STRESSES IN THICK ARCHES OF DAMS: 
1, the boing ntermiziod br dhe limiting 
It should be be noted that the line, FD, of zero stress in Fig. 51, is 8 deter 


* (129) and (190) can not be a applied to find the stress distribution on a a a 
‘ .€ the left of Section C H D, because such procedure involves the assump- — 
that the central angle is larger than that assumed in determining A’ and 
and both 4’ and x’ depend on on the central angle. “It would possibly have 
hen more nearly correct to have ase assumed the central angle t to be 10 to 15° ‘ 2 
larger, bu but the writer believes es this | would have | given slightly smaller m ma imum 
stresses, since, at least, in general the maximum stresses decrease when the» P. ae 
central angle i is increased. ‘In reality, the line, , ED, of zero stress in Fig. Cae | 
farther to the left ‘seal entirely inside the rock ‘abutment. 4 ae. 
General Description. —Pacotme and Santa Anita Dams.—The subject 
of the ‘paper is largely confined to ‘mathematical theory; some engineers might 
even go so far as to say it had nothing to do with actual dam design. As a 
matter of fact, the actual construction is intimately bound u with the design Pha * 
and unless the dam is so constructed that the 1e assumptions underlying the 
theory are actually fulfilled, the whole is unrelated and may be worthless. — 
The principles developed have been used to advantage in both the 
Pacoima and Santa Anita Dams now being built. for the Los Angeles County Be Mes 
Flood Control ‘District. To illustrate, therefore, the relation | between theo- 
rr investigations and practical construction a brief general ‘idea of these ee 
two dams will be given, » together with a description of | some of the methods e 
a in: the Pacoima Dam* (Fig. 538) 50 ft. apart 
and are 1 made in 5-ft. sections across the dam such that each 5- ft. section is — 2 
offset tangentially 12 in. with reference to its two adjoining 5-ft. sections. In 
this manner at least one-half the section must be sheared across before a 
failure due to ‘shear can | occur. Each 5- ft. section | is provided with a 9-in. 
x split grout pipe rising vertically and these are connected horizontally every 
so that the contraction joint can be be pressure- later. asphalt 
| water-stop is provided near ar the up-stream face, and a V-shaped « copper strip 
‘Rear ‘the ‘down-atream face seals the contraction joint. Pouring was begun 


if on 5, » 1926, at rate of about 1 ft. in elevation 


at by radial vertical planes. and extending from the down-stream to Ge 


ea -etream face, and this section is poured ‘to completion ites. The con- 
“ret elevation at the down-stream face is kept ‘somewhat higher than that at 
the “‘up-stream face, e, and m near this latter a raised portion about 12 in. high 

: and 12 in. wide, running ea is formed to act as a water-stop for the 


Arather complete physical testing laboratory, a 200 000-Ib. Riehle 
oe testing n machine, has been provided at Pacoima and standard 6 by 12- -in. ; 

e A cylinders are tested daily, the concrete being taken both at the dam and at the 
a lixers, Screening g operations and tests for | purity are carried on and the mi 


Sem designed, i in accordance with the of Pa A. Abrams 


and 
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Am. the doing! determined the limiting walue 
The maximum water-cement ratio used is 1. 00, but this has ‘been reached 
only about six times and then only:for short periods not: exceeding 
during the hott hottest part of a day; ‘average water-cement ratio has been about 
9. , unwashed rock, the maximum 
of which is 3 in. , and with 1 bbl. of cement per cu. yd. of concrete the average tie ri 
5 “compressive strength to date (6 by 12-i -in. cylinders) is a little more than 2 650 oe 
per. sq. in. at 28 This agrees well with what should be expected 
ies water-cement ratio of 0.9.* The water-cement ratio given is by volume 
and exclusive of absorption by: the rock. aggregates (the ‘sand is washed ¢ an 
wet), which amounts to about 1. 12, cu, ft. of water per cu. y yd. of concrete. The 


quantity o of wi w ater added i is, therefore, on an average, 0. 112= 


on. ft. of water pet cu. yd. of 
“An inundator is used both at Pacoima Dam ‘and’ at the Bi ig Santa Ani 


ii i 


Dam (Fig. 55), the latter being, as far as the ‘writer’ knows, the ‘first dam 


_ be constructed at which an inundator has | been used. The inundators— hav 
been thoroughly satisfactory s so far, and the writer poll tide want to go s0 bac 


a the old method of adding water according to the judgment of the ma 
“operating th the mixer. The-cement ‘is stored at the. mill until 28- 


compression tests have been made. e. In this way it is possible to vary the 1s 


14 


concrete is known before the cement goes into the dam. The standard phon) ¥ 


= and chemical tests are made by testing laboratories in Los Angeles, Calif., and aa a 
o an inspector is is kept constantly at the 1 mill. The ‘California + Portland © Cement pie 
a Company furnishes « all the cement for both’ dams fi from its mills located at 


__ Views of these dams are shown herewith, Fig. 54, of the ‘Puiideih’ Dam iad oe 
rid 


Fig . 55, of the Big Santa Anita Dam. The latter will be finished by about 
1, 1927, while the Pacoima Dam containing about 210000 yd. 
_ will not be finished until about a 

«Influence of Swelling.— —Referring to the original arch (Fig: 51), assum 

te up-stream: face! due to. water-soaking and. that the lateral 

deformation due to the weight of the concrete and.thée downward water pres 

Sure on the up-stream face is'sufficient. to eompensate for shrinkage aud, tem- 


effects. Then '(see Article XI of the paper) les: 0.0001 and 


= 0, so that from Equation (4 (48 8), ‘Baquation 


0.003595; from ‘Equations! (51) are toyed 


rac. 

| Coneretey Mixtures,”’ Portland Cement Assoc., Curve 
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ting the values 0 of and just and solving the — 
A, = 157.47 + ft. and, if = 2000000 X 144 Ib. per sq: ft, 
— 1431 200 Ib. acting on an arch slice 1 ft, thick vertically. The stresses 


wees tad duced by x, nesting a distance, Ae from the center a are from a (84), 


i | 


ae 


a 


Ol 
‘eens at extrados, in 
pounds | per square — 
Cae 


_ 


Ss 


Adding t these to the stresses: previously found for the original ar ar rch (on 
‘Tables 15 and 16), and since p, = = 141 Ib. per ‘sq. in., ‘the resulting — 


tained the effect of swelling, are as given in Table 19. 

a 


Stress at extrado atintrados,in | 


z itpe Vane 


BY pounds per ‘square fi pounds per raquere inch, of Remarks, 


+ 31 Original arch, 
80.6 Bod ae Due to swelling. a 


chy “There is now compression throughout, except a very small onside 5 


so per sq. in., at the intrados of the crown. The maximum compression inte 
: original. arch is less than the ‘resulting stress. It is quite evident ‘that 


sss swelling is not even approximately n negligible, but the writer does not Gaim 
oe . that the assumptions here made cover the facts. Very little is known about 


‘the effect of swelling and shrinkage in a great body of concrete, but that does q 
aa not warrant ‘the assumption that it is negligible.* The writer had hoped aa 
re 7 install some resistor type of cartridges for measuring deformations in both the - 


Pacoima and the Big Santa Anita Dams, but was unable ‘to obtain the 


‘sary funds. He hopes other engineers. may have better luck, since the 


questions involved are of considerable importance. - Also, the writer felt the 


oe would afford an indication of how successful the pressure grouting — 


pa was and, therefore, a a guide a as to how this ; grouting should be carried out im 
order to secure maximum effectiveness. As a direct result of the theoretigal 


investigations it was to eliminate about $60 000 worth of | from 
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‘Fre. 55.—Santa ANITA Dam, 150 Feet ABove Bep-Rock STREAM Bep, MIxING 
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JAKOBSEN ON STRESSES IN OF 


Discussions —Professor Onin’ discussion constitutes, as is usual with 


that the entire theory of may be derived ‘from it 
farther except Hooke’s law (proportionality between stress and 
strain), which is a generalization of experimental results rather than a 
theoretical assumption. The ordinary bending theory is based on Mariotte’s 31 
assumption that normal sections remain plane. This is strictly true only 
Bis constant and when shear i is not involved. By the method of least work'the _ 
stress distribution due toa moment may be found variational calculus and 


any for this naturally involves 
oe An interesting illustration of how an assumption is sometimes unwittingly aa 


introduced into reasoning is given’ by Féppl.t It was desired to compute the Roses 
deflection of a piece of bent tubing. Re The result obtained by» applying the 
standard bending theory gave deflections which were only about one-fifth the 


a measured deflections. On examination it was found that the implied assump- 
tion that the section of the tubing was not deformed, was the cause of the dis Bey 


2 crepancy. _ A theoretical investigation, , which | made use of the principle of 


~ least work as applied by Ritzt : and took account of the fact that the section : 


of the tube did not remain circular, led toa a correct formula, 


Professor Cain takes exception to the u ) use e of the Lamé formulas ‘and a 
. following is intended to meet his culthelons; _ In order to determine the pena 

_ ima cylinder subjected to external pressures, three different assumptions may 
1—Neglect the radial and vertical stresses deformations, that is, 


assume Poisson’s ‘ratio, = 0, and assume that the of, 
is so slight that the arch may be treated as a straight pean: 
__ This assumption was made by Professor Cain in his paper, “The Circular im 
; “Arch Under Normal Loads”.§ It is not explicitly stated, but is indicated — 
by his work formula, Equation (5), which neglects curvature, and by tae 


tion (6), which neglects ‘the | rotation brought about by the “normal: stresses. k: 
DO at 2198 


Profestor | ‘Cain at time limited his. invettigation 1 to a 0 


of arch to mean radius, 8, a1 


‘ciently close approximation for such arches. = 


| * Transactions, Am. Soc. C. E., Vol, LXXXVII (1924), p. 835... 


Am Kin. Soe. Vol. “LXXXVII 11 (1924), 
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ox te Circular Arch Under Normal Loads”, is impeccable and it is not mows . 
question of whether or not Professor Cain’s reasoning was correct, but. whether — 
— assumptions he made are sufficiently, close to the truth to, yield Teliable : 
 — that is, results that will accord fairly well with actual experienge, hh 
a ss ea 3 this connection it should also be emphasized that whether or not the funda, 
mental assumptions made in deducing a formula are acceptable for par 
a case occurring in actual. practice, this is something the e engines 3 
himself must judge of and for which the originator of the formula can. in 
be held responsible. the ability to judge i in in this matter which 
_ tinguishes an engineer as a man of scientific training and attainments from 
the mere artisan, who applies formulas as mechanically and without), under- 
standing... to bo bodtonr aft joa tsede codw bas 
Neglect the. radial and vertical stresses end ‘deformations, 


a Assumption but take account of 


of the paper (see, the work Eqvation 
ae footnote to this formula Professor Cain states ‘that only the work of the radial 4 
Be is omitted; this i is not exact, since also the lateral deformations are 4 

—~ that is, Poisson’s ratio is assumed as zero. A comparison between Pe 
= this Equation (98) with Equation (5)* of Professor Cain’s paper, “The Circular 
Late Arch Under Normal Loads”, shows that the only change i is from r, the emean 
Ae radius, to r,, the radius of the neutral axis. The writer’s Fig. wes shows that 


ica 


3.—Radial as well as vertical stresses and be neglected, 
ae Assumption 3 leads to the Lamé stresses, used by the writer and to Eque 
tion (68) for the stresses, in which, as outlined in Article xXVI of the p paper, ng 
the force, should be determined from Equations (68), (71) and (72). Since 
with the stresses obtained from Equation (68), in which, was wat 
a derived as ‘shown in his: Article © VI by neglecting the radial stresses’ ‘a 
. deformations due to X. The error committed i is believed to be e small, — 
stresses found from Eenation. (34) check quite closely those obtained from 
(68), when the of ‘is—as ascumed ¢ to in both 


in equilibrium, acts the middle point of the se 
t ve oo ‘The resulting stress is Seoul by adding to it the stress due to the force, X, 


acting at the crown ‘section. Assump ion 2, which Professor Cain accepts, 


4 praca: Ae the force, De Te. acts at the neutral axis a distance, Tw ,. from the é 
MOU DA 


. This is equivalent to a force, pe re, acting in the middle of these> 


Transactions, Am. Soc. C. E,, Vol. LXXXV. $192), 236, and 268 where the infiu- 
of shear ie added. eat 


4 


— 

vs ' 
— 

P 
~ 
= 
‘i 
7 
4 
1 
= 
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“tion compression, plus s a moment, Pe Te (Tm 


Aus producing compression at the intrados. _ The stress due to this moment is given pe ee 
by the writer’s Equation (81) and also by Professor. Cain’s: Equation (93). 
~ Combining this uniform stress with the bending stress leads to Professor Oain’s — 
Equation (97a), ix in which, Pete To these stresses must be a added those 
produced by X or x , which are aeeionl in the same manner by both ao 
Professor Cain and the writer, 
‘The only. ‘difference: between Cuin’s results and thease... of the 
writer is due to the difference | between Assumptions 2 and 3; Professor Cain 7 
calculates: the “stresses due to’ water ‘pressure by Equation (97a), while ‘the: 
writer used ‘the Lamé stresses. That there is not a great deal of difference, — 
except: for very thick  arches,* i is shown a by Table 20, which was calculated for 
the ‘short thick arch of Fig. 51. The stresses are shown in Fi ig. 56. + 
maximum differences occur at the faces and amount to only il and 12.4 per “4 
centt When the maximum stress (compression) is computed ‘(page 577), the 
difference between the two values i is quite small and either vale i is acceptable. ts 
jor Cain states: Far 
“The 2 only stresses then to be « considered in n this sliding stage [see Fig Fig 2) =, 


are the stresses, —, for which plane [radial] sections 

after strain, so that t the Gan be 


(or 


The required to cause only a section is, not a uniform 
stress, but is given by Professor Cain’s Equation (97a), using - Assumption 2, be 


as he shows himself. ” This was also shown by the writer in his Articles V and Pas. = 
VL in which the radial stresses and deformations were neglected. When, how- 

ever, radial | stresses and deformations are to be considered, the Lamé stresses 
are needed to conserve radial sections aie as may be shown by a applying ae 
Equation (72) to the Lamé stresses. Referring to Fig. 57, uy and are the 


. For the very thick arch, = = 1.00, the difference is considerable, but is due solely to 


the difference between Aoinish patents 2 and 3, as may be readily checked. Since tension is 
involved in both cases, the question arises as to how great the difference would be between 

the maximum stresses in the two cases, when these are determined as shown (see page 577). a 
The writer has not checked this, but believes the difference would not be material. eds eee =i0% 


_ _It should be noted that these stresses are not the final stresses; the stresses produced hia a 
iby z must be added, see Table 17. 
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displacements of the point, P, ‘positive in’ the directions 
"indicated Likewibe, o, and o; are the radial and tangential 
stresses are given Equations (36) and (37), and the shear ‘ver, 
the Lamé stresses are introduced into the | Equations (71), it 
vl be found that these stresses satisfy Equations (71) ‘and that Prt 
ae Cain’s Equation (97a) does. not, as @ lready pointed out by the writer: (page 


the Lamé stresses and the first equation of Equations (72). 


in which at 


| Stress Cylinger Formula 


ARSE 


-1.8 —2.0 —24_-26—28 -30-32 


— 


‘Stress in Terms of ob 


in designates a a function of ¢, which may be. constant or ero, 
does not contain r, that is, is independent of r. From the second 


Substituting the value of Eu, found previously, vit 


which, F (r) designates a fynetion of r, which is independent of.¢ From. 
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fe 
me. is satisfied when f (¢) = -0 and F (r) = 0, so that, F &; 


tie wo: equations satisfy Equ nations (72) ‘may be 


Equation (186) for Uy affords a an opportunity to investigate whether and when : 


he ene, t, of the arch is decreased or increased due to water pressure. 
and = 7%, and s subtracting, wives, ged 


ja ou edt bait x0 af 


When this is positive the thickness, t, othe arch is increased. Form = 8, a 
‘example, the following ho hold ds: 1 t remains constant; if — ee. 


decreases ( a rches) ; and i if te increases (thin arches): down 
For the arch shown in Fig. 51, it is, od 


= a is, tis decreased. If m = o, and the radial stress decreases linearly from 


p, to \teto; the ‘contraction would ‘amount to 4 42.0 As a comparison, the 


DF= = e’, in Fig. 2, is’ r, and was — 2.17 “* (see page 577), 


- Professor Cain discusses | the influence of shear on tangential stresses; I 


- tion (68) takes this influence into account, on the assumption. that the abel 2 is 


he to deform at the abutment as this stress distribution requires. 7 In . order 


to find the deformations, the writer made an attempt to solve Equations (72) 


when the stresses were those given ven by Equation (68). _ This would give “<7 
warping of the originally plane radial sections, but would not be a solution — 


afte all, because the arch is ‘not free to warp its 1 radial section ‘at the 
ment, but must conform t to the abutment deformations (See pages 554 an 


} ane What i is here involved i is more correctly speaking the ote of the shear 

deformation _ (warping) on the tangential stresses J udging the fact 


that the arch computed in Article XII by Equation (84) gives practically y 
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§ Baumann, “Elasticitat und Festigkeit,” 9th, Edition (1924), p. 571. The calculations just 
Stven show that this assumption is correct. 
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same stresses as when the more Equation. (68) 


_ writer concludes that the influence of this shear distortion on the ; tangential 
stresses can not be great and Dr. Vogt comes to the same conclusion, - Iti is 


clear, as Cain points out, that, the crown s section m 


evenly distributed shear exists in every Section except at the crown. 


Professor Cain’s discussion is a very welcome addition to the writer’s Paper, 

and he i is pleased 1 to note that ; for | all practical purposes agreement exists. te 
writer believes 1 that a a a dam designed by either formula | will result in a safe and 

Ky structure. would like to add that, in his opinion, 


1or Assumption 2i is exact si since » Poisson's ra ratio | is ‘not zero and, on 
_ the other hand, the arch is not free to deform laterally at the abutments, as 


In order to find the true stresses in ‘the arch in Fig. “ou or in the part lying — 


the abutment and Section 4, the fundamental equations of Article 
as al lready stated, would have to ‘be applied. It is quite likely that 


this would be very complicated and that Professor Cain’s Equation (98) would 
: lend itself much more readily and with quite sufficient accuracy to su such a 


stress determination. 3 The writer would like to suggest that Professor Oain 
- make such an attempt since this would be of great value to the engineer in 
r determining the actual maximum compression on on the assumption that tension 


Professor Harris brings up ) nothing new. . That cantilever action ou ought 
on, 


be considered is generally agreed, but how this can be done is the questi 
and Professor Harris contributes nothing its solution. The writer is 
of a remark by Lord Kelvin to the effect that “a well 
ore known, when. it is known in figures”, and there are no figures in Professor — ss 
- Harris’ discussion. The | writer tried some years ago to take account | of the 
o cantilever * by using the method of least work as applied by Ritz,* but he. came 
the conclusion that the ‘calculations, even if possible, we were so extremely 4 
ef complicated as to be of little practical use, and that in order to render them 


- fairly simple so many approximations would have to be made in the assump- am 


Sos that he had 1 no confidence in the results. At that time he also read over aa 


discussion of plates ‘given by Fépplt which is quite involved despite the i 


that he does not consider ‘temperature influences, swelling, and shrinkage, % 


only plates in which to be small. Add to that the 

ye a 4 - fact that plates are generally symmetrical while dams are not and the resulting 


mat atical con. lications are obvious. 


Professor Harris seems to consider cy linder formula and he 


seed that no matter how close together the canyon walls are, a dam with | ; 

2% a straight face carries all the load on the cantilever, while the truth i is that it 
 earries but very little load in that manner, since the is carried by 
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ON STRESSES IN THICK ARCHES OF | DAMS 

horizontal ndary arches. The cylinder formula is approximately correct 


for fairly thin long arches, but it is not a general formula and when used. as 
reasoning it leads t to absurdities. Referring to Fig. 2, if a uniform 
stress, o, is applied to the semi- “arch the d displacement, e= DF, at the the crown is, 


this is not ‘zero ‘except when E = This is not = assumption that can 

be safely made, . but one that must be shown to lead t to a fair approximation 


in e8 n each specific case. It is also evident that ‘if a sufficient number of ‘simple 
as assumptions be m ade, i it is quite | easy to determine the riniaetok of load 


between the cantilever and the arches, but. this would afford ‘merely an exer-— 


i in elementary mathematics and no competent engineer could be induced — 


to trust to the results of such ‘formulas 


Jorgensen considers the “formulas presented by. Professor Cain and 
by the w writer as somewhat ¢ elaborate for ¢ every- -day use. x These formulas. a 


for use with thick arches, which are expensive. In the case of the Pacoima — 


P33 Dam, for example ‘the saving of the constant angle arch dam over a gravit es 


‘i dim is i in excess 3s of $1 000 000, and for a small fraction o of ote de 


Ree has possibly confused the work of deriving these formulas with that 
of applying them and while the writer knows ‘nothing about bridge 

doubts whether a careful thedtetical investigation "Of the Pacoima Dam 

would re require more time or skill than is required for ‘the ‘proper. design of ES 

bridge costing approximately the “that $2 000 000. The 
x doubts very much whether it will ever be possible to obtain empirical foriiélas 
for’ dams of a sufficient range to be of much value. Tests. on ‘models, how- 

ever, might be made valuable as a help to theoretical considerations. errs. 1 
‘Mr Jorgensen’ refers to ‘some tests on m 1odels, by B. E. Torpen, 

= Soc. C. E., in connection with the construction of the Lake Cushman = 


was not demonstrated, since no was o maids of the stress distribu. 
»? _ tion at or or near breaking. Mr. Jorgensen evidently reasons that since the stresses _ rt 


4 * “found in arches by the formulas of Professor Cain or the writer are higher au 
q the cylinder stresses (and that is especially true of the stresses in the sec- 
ondary arches given by the writer), and since the water pressure required t 
_ to break these arches corresponds to a | eylinder stress of 100% in excess of the 
oe of the concrete in 6 by 12-in. cylinders, the cylinder formula applies, ies, 


*“Formes et dimensions des grands barrages en maconnerie,” Résal, Annales des Ponts uct 
@taemen p. 26, and, on p. 29, where he states that when the len h of a straight dam 2 
equals 2.5 times the height. the arch action is insignificant; but if es _— b a not exceed 
the height, it is arch thet all the load. 
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s,s JAKOBSEN ON STRESSES IN ‘THICK ARCHES OF DAMS 
at least more nearly than the others. However, 100% in excess is not & 


“satisfactory check and « certainly s such a a divergence ‘should not be ‘taken 
Proof that the stresses were uniformly distributed. 
‘The writer stated specifically in in his paper, that the s secondary 
were not the true stresses, but were higher than the true vtzene Tl and, 
therefore, safe to use. He has already shown that the maximum strew 
ina thick arch is very likely less, than the » cylinder stress. The model arch 
eae | did not break | at the abutment, probably on account of ‘lateral ‘Testraint, but % 


the f fact that the ne cylinder: formula giver, results the that are 100% in excess of the 


compressive strength . of the co conerete, cou upled w with the fact _ that the arch 
did not break at the abutment, leads the writer ‘to conclude that the cylinder | 


The writer thoroughly agrees with Mr. Jorgensen that it is not safe to 


assume | that any load i is taken by th the cantilever, for the reason that at presen a 


no method of obtaining | the correct distribution, i is s known. 


26 
_ Dr. Vogt’s discussion is valuable contribution to the subject in that 
he ‘makes it possible to take the yielding « of the abutments into account with 
but little more work than is required when it is neglected. The writer had 
; prepared a discussion of the influence of the » yielding of. the abutments. based 
on, Dr. Vogt’s thesis*, but Dr. ‘Vogt’s discussion covers. the subject, much 


more ably. His criticism of the writer's “Equation (48) is just; the. ‘radial: 
deformation was neglected. As. ‘already. discussed in ‘Teplying : to ‘Professor 
Cain’s criticism, it is not correct to neglect radial deformation, and on the 
other hand near the abutments the radial deformation is no doubt restrained s 
_ to some extent, even if it be argued | that the the rock near the abutment can not : 
much in from the concrete near the abutment. The wr writer 
prefers Dr: Vogt’s Equation (117) to his own Equation (48), but the. dif- 
i ference in the results obtained by these formulas i is probably less | than a the a 
probable error of the temperatures, etc., » involved. 
Vogt’s Equations: (119). and (1210) take into ‘acount tempers 
ture effects, swelling, . shrinkage, the lateral deformation due to the vertical 
stress, and the deformation of the things considered, 


= ae 


- 


plified by assuming the angle, * = 0 (see Fig. 44), which ‘assumption. = 
a belieyes is usually approximately correct and when not, correct the it influence 
of this angle, y,, is very difficult to determine, as Dr. Vogt states; moreover 
this angle is not likely to be the same for both abutments (see, for: example, a 
‘Fig. 51). The writer. also prefers to write the equations so that they a 
independent of the assumption that the modulus of elasticity for rock and 
concrete is the same, although this is probably nearly correct after the com e 
ES crete is a year or two. old. Johnson,t for example, gives for Branford 
-(Conn.), granite, 8 333 300; for Milford (Mass.), ‘granite, 6 663.000; and for 
Troy (N. H.), granite, 4 545 400; these moduli are for working loads for 
_ granite under compression and are taken from tests made at the Watertown 
_ *“Ueber die Berechnung der Fundamentdeformation,” Det Norske Videnskapsakadem, 


The of 4th Edition (2923), p. 5. 2. 
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_ JAKOBSEN ON STRESSES IN THICK ARCHES OF DAMS ar a 597 
renal Stanton Walker, ‘Assoc. Am. Soc. O. E, has. shown* the rapid 


increase of ie ‘with age; and ‘that, \for for ‘a concrete 


with aggregates up to. to 2 in, , the modulus at 7 days i is about 2 2 500 000 Ib. per 
ins 1 year, it is. 7000000 Ib. The writer also } prefers ‘to omit 


Vogt’s constant, q as defined i in Equation (116). be bo bin: 


Let ZB, equal | the modulus of elasticity of the rock; and £ that of conerete. ae 


let 


Also, referring to Equation (112), let, — 
Incase E = = 8, ete. Then, with the angle, = 0 (see 


the 


» (2 sine — — sin 2.) +e, 


— sin + 7’ — sin — cos 
sin 12 ¢'- = cos — — sin +! — (-* cos — 


E sin — 4uEecr, 
Bauations and (139) have been checked and the 


= the. we ”» and. Equations 1s (112), T 


values used by Dr. -Vogtt are nearly the mean from Equations 
and these may no doubt be used quite generally. od 


using (138) care must be taken 


which Dr. Vout Equations (117) and (118) chal ed, 
s u, and contain also the deformation. produced | by oz, is 


Since the : stress, 6 does not produce 


“Modulus of Elasticity of Concrete,” Bulletin 5, Structural Materials Labora. 


Lewis Inst., Chicago, Ill., January, 1920, Edition, p41. ait 
568: the mean values from n Equations (112) are = 1 = 0.88 and pula 
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pf;redial. sections, it is to be added. to both ‘tt, and ‘uy and, therefore, 

Bet; or not affect 0 from Equation (117). The two constants, c, and ¢,, in | Equa 
( 139) are given by Dr. Vogt in the fllowing olf 
(116) and the values used in the paper are, = 94 and 


; : o is obtained from Equation» (120). bonBoh cow 


“Dr. Vogt assumes 1 the resultant, R = Pete of the water pressure ds a¢ 
eae in the ‘neutral axis (see. Fig. 44 and Equations (114) for the “momen 


M, to the center of gravity axis), so that R produces a moment 
to Re = =R (r,, This is, as Dr. Vogt states, only “approximate, at the 
writer thinks it sufficiently, correct even if actually acts ata point farther 

the center, of the arch (see Fig. 44), namely, at distance, rz, as given 
Equation (131). This ‘could be taken care of by "substituting: for in 
_ Equations (1 38) and (139), p, — However, this is not correct either, 
since this moment would not give the Lamé distribution of stresses and, there- 
the correction is hardly worth while. Dr. Vogt, as well a as the writer 
determined the stresses: produced by p, 7, = Ri in the arch, from Equation (36). 
bea When in Equations (188) and (139), the constants, ¢’, "> and yp’, are put 
cae equal to zero and the } proper ° value for u, is introduced (that is, Un = 0, a “i 
7 no temperature effects, swelling, and shrinkage and no lateral deformation — : a 
due to or are to be considered), the writer Equations. (18). and (29a) redult, 
in which, i is given by Equation (30) and o, = 0 in ‘Equation (38). If « 
4 the influence of or is to be included in Equations (138) and (139), then wu, 
for the defection the ‘arch when the yielding of the 
abutment is considered, is simple to use in connection with: ‘Fig. 46 
ae jam _ shows that the deflection in the example considered by Dr. Vogt is twice as. 3 
:* a. great when the abutment yielding is considered | as when it is assumed f to be 4 # 


negligible, which it is not. “Equation (127) is obtained by considering the 
73: arch to have a somewhat larger central angle than it actually has. - Thisean 
be used in connection with: the stresses, since it wou lead to a decrease 
i os _% in n all stresses, while as a matter of fact the yielding of the abutment i incréase = 

j ee the tension at the intrados of the crown. (See page 560 and Table 12.) The 4 
writer hopes that Dr. ‘Vogt will publish his proposed paper on the distribution a 

_of load between the arches and the cantilevers, when the yielding of the red a 
aa of the arches and ‘the foundations of the “cantilevers are taken ‘into 4 


a as this ‘would be a great step toward | ‘a rational solution of an im 


portant ‘problem in dam design and, one “which “would likely lead to com 
siderable savings in material. Dr. Vogt’s excellent work has 


the w way ay for his. (Aq 
Dr. does well ‘in emphasizing, as he does repeatedly in n his discussion, 
the results” obtained from his calculations can only be roughly. approx: 


: the same is true of ‘most stress determinations i in which | anything | but 


simple stresses « are involved. This i is due | to the fact that the various 
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JAKOBSEN ON STRESSES IN THICK ARCHES OF DAMS 
"without too great complications, are only approximate. In order inot: to be 
"misunderstood, it. should also be emphasized on on that thie. is not 


assumptions and develops: his subject mathematically, ‘which. is is: 
the only way it can be developed. — Common si “sense is quite. Tequisite, but it 
does not supersede specific knowledge* and, ‘moreover, the enginegr with some 

me 


ath Paaswell’s discussion brings ups some points. formula 
determining the temperature variations given by Mr. Paaswell, and quoted 


J ts 


his work on 1 retaining walls, checks q ite w well with the Tesults of f tests, 


and ought to prove of value to engineers in the design of ds dams. 


= 
i considers a thin section of an arch barrel treating it as a surface, _ This develop- : aie 


ment “the w: writer cannot follow as he is no acquainted with Love’s ‘treatise. tek 


Fe ' From | Fig g. 48 the writer g gathers that since the moment, in the arch at t the crest t A. 
jg zero the crown deflection i is 2 zero, and thi is is not in agreement with what has ‘ ae 


been eed found for arch dams. Some tests made on the deformation of 


arch dam, as usually built. If an équation could be developed for an 


| variable central angle and variable thickness, this might afford a mean: 
of analyzing arch action and ‘cantilever : action n combined. _ This might be o 


oy value even if it should become necessary to resort to some simplifications of a 


be the assumptions, such, for example, as that the neutral and g¢ gravity ‘surfaces 


(axes) coincide, as was assumed by Mr, Paaswell. The writer sincerely hopes 
that Mr. Paaswell will return to, this subject n make an attempt to | apply 
is method of attack. 


Mr. Perkins has been charged for a number of fears. with the investiga- 
tion of designs of dams_ submitted to the State Engineer | of California ‘and in P 


this capacity he. has accumulated a considerable knowledge of the subject 

The writer agrees: with Mr. Perkins’ discussion ‘except perhaps that he place 

- less confidence in the calculations ‘of the ‘division of load between cantilever 
i me arches. Mr. Perkins’ remarks concerning the secondary arches a are true 
and have already been dealt with in a fashion, but there still remains to be 
Proven that and A’ remain approximately “unchatixed: 


_. Mi, Perkins states that the “uncertainty in the value of F does not have 
80 much bearing because of the ‘feck. that E ‘enters fa ‘the same way in 
cantilevers and arch action, and, therefore, in a sense, is cancelled. This i is 
not quite correct in large dams which require considerable time to construct, 


due to the fact that increases with, age, so that although may be fairly 


_ Carus, The Open Court Publishing Co. (1909), Introduction, p. 6: “To appeal to common 
_ sense, when insight and science fail, and no sooner—this is one of the subtle discoveries of 
- modern times, by means of which the most superficial ranter can safely enter the lists with 

the most thorough thinker, and hold his own. But as cot as a particle of of insight remains, 


~ 
q Kant’s scathing remarks in his “Prolegomena,” edited in English by Dr. Paul 


ho one would think of having recourse to this subterfuge. 
+ “Retaining Walls: Their Design and Construction. ow a, 


, t “Experimental Deformation of a Cylindrical Arched Dam,” by B. A. Smith, M. Am. — ae 
Soc. C. E., Proceedings, Am. Soc. C. B., October, 1926, Papers and Diestastons, p. 1596. Vite 
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on STRESSES THICK: ARCHES | oF DAMS 
for' any horizontal arch, it varies from elevation to” elevation, 


not constant: for the’ cantilever; ‘bat may very quite considerably,’ just as does 
m face’ of cons 
“well as. the yielding de ‘the: abutments. A study 
Mr. Perkit kins’ Fig. made inorder! to determine’ the’ probable division 
load between ‘the arches and thé cantilever, is always of interest, but the’ 
_neer should beer in mind the fact that important factors’ have been 
consideration and that, therefore, the “results ‘should ‘hot’ be tdken’ too 


Mr. Noetuli in his discussion remarks “that the author has introduged a 


number of assumptions while the truth is that ‘the writer redu 


number assumptions aad it is “this circums ance which’ ‘leads 


‘greater mathematical ‘complexity. m “Tn deriving the stresses by the Laie | 
mulas and Equation (68). there is only that and m ar re constaiis, 
deriving Equation (34) it was further essumned that radia! remain 
and that Poisson’s ratio is zero. Finally, in deriving the’ cylinder 


- it is assumed that the stress poreneeng is uniform over the er 


section. ~The assumptions which Mr. Noetzli lists, he will find in the writers — 
Paper a a8 well as in his ‘discussion | of Mr. Noetzli’s ‘paper, “Grayity y and Arch 


Action in Curved Dams”.t ‘Regarding Mr, Noetzli’s tha the 


writer’s discussion. of the paper “Gravity and Arch Action in Rae 
eh If ¢ 
the ‘writer ‘devoted about ‘eighteen ‘pages to this and is qui 


to rest ‘his case there. He wishes to add, however, if he design 
a _arche d dam and had the choice between the ¢ r formula dM s 


theory, he would choose the ‘cylinder the the reasons given 
n the’ aforementioned discussion, He might that, according’ to > Me, 
i’s "theory, ‘the Kerckhoff Dam, designed by the writert should 
ag o have failed as it should have high tension in the heel, but this dam is 3 stil 

ailt ot badtinidus Cai inks 
ce Regarding Mr. Noetzli’s statement as to what Professor Cain t sik) 
deflections s of arched dams, the writer we would refer to Professor Cain’ own 

uy 


‘statement (page 546). Rather than re ply in “detail to seve veral. of ‘Mr: ‘NoetiZ 


ven other statements, the writer would quote Henri Bergson, as is given by by Wil 
wr it 


i ek J believe that the time given to refutation in philosophy is usually. time 
ois 2 lost, Of the many attacks directed by the many thinkers against each other, 
what now remains? Nothing, or assuredly very little. That which counts and 
endures is the modicum of positive truth which each contributes. The’ 
statement is of itself able ‘to displacethe idea, and becomes, 
_ having, taken. the trouble of refuting the best 


vt The ‘writer believes Mr. Noetzli is somewhat too ‘optimistic: about what the 
tests on the Stevenson Creek Dam will bring forth. It is:one thing to deter 


5, Structural Materials Research Laboratory, Lewis Inst, Chicago lly 
January, 1921, Fig. 22, p. 41, EB varies ‘with the age, for example; from 


2 500 000 at 7 ‘days to 7 000 000 at 1 yeas, Dod 


Pransaotions, Am. Soc. C. E., Vol. LXXXIV (1927), 92; Sloow 
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“mine a few as is done, the over- all ficiency . of a 
power plant is determined, and it i is quite another matter to derive a . natural as 
em, ‘especially when this | ‘is to be done from a limited number of tests on a 
e structure. The. wri ter speaks from experience, for. in, 1914 he made 
ee some tests on i éorona lo osses re a high- tension transmission line in the Peruvian 
+ Andes with a view ew to “atarathing the law for these losses* and he, 
believes that by he has a fair of the difficulties to be 


be e added that it is not ‘directly | how. w tests on relativ 


pay _ The upper part of the test dam is 80 thin and long tl that there > seems 
te to be danger of failure by buckling rather 1 than failure in arch action. The 
"TO 
in which > is the critical water pressure, t that i is, the pressure a at which Veckling ae 


may y be. expected. He called this to the | attention of one ‘member of the Los 
Angeles Committee i in charge of the tests several months before concrete ‘Pour- eg 
Asem was s started and he was told that the matter had been called to the attention es 
a other members of this local ‘committee, but edbedeinly: nothing was done t “ 
Sy Temedy it. if buckling should be found d to have actually occurred the applica- ee 
bility of ‘the: test to actual dam design will be extremely limited. 


conclusion, the writer wishes to quote Professor Onin’ closing remarks 
as they so exactly, and aptly” s his attitude toward the whole 


author has written very convincingly of the serious effect of. water 
soaking in an arch dam. There can be no doubt of its influence, of ‘the | 

deformation of the foundation, and of the variation in E. He seems well 

tpi that an exact solution of the arch dam is not to be looked for, so that 
all an.engineer can do is to examine the various: 


Corona Tests at High Altitude,” Transactions, ix Inst. Elec. Vol. XXXVII, 


“Drang und pe by A, Foppl and ‘Foppl cond Battion, P. 
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PUBLIC UTILITIE 


LLIAM Baevre.t J 


* In 1925 a valuation was made of one of the largest pu public utilition i in the 


It was ‘found that) since 1018, whether street a gas or an electric 


property, 1 a | power plant « or | a ‘distribution system, a sub- station or a transmis 


sion line, for all these, regardless of location or’ mpeg composite 


An appraisal of a large electric light and power property ¥ was ap 


ae tr? A 
ear or two | ago (1925), a as p present- -day prices ; ‘and for retiremer t purposes 
investigation to determine approximately the original cost any 


is the p practice in making ‘such analyses to ‘ase either 1913 or 1914 


ae prices and because more accurate results ) are obtained by the use of present t-day 
cost data, a 1924 base was used. urthermore, 1913 was a year of depression, “he 
_ and in order to determine whether the results obtained d were typical of a mb 
a whole, other light, po power, and street ‘railway “properties in various 
The electric light and power property was, of course, first analyzed, and dit 


necessary to adhere to the Classification of the 
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TREND COST OF PUBLIC UTILITIES 


- abi Service ( Commission. a A separate trend was compiled for each of more 


sshted average these thirty accounts. The trends for ‘these accounts were 


than thirty accounts, and composite trend derived by combining into a 
j 


pot at all uniform which was also true of each item of each account. Ries 


In a similar manner a gas “property was analyzed, and 
os was substantially the same as that of the electric light and power prop- 
erty, it was thought that this was merely a coincidence. A street << 


: property was then studied, but its composite trend did n not differ greatly fro from 
3 that « of the gas or electric property. - Other light and power - and street rail 


utilities were also regardless of location or magnitude no 


exception was found. 


Te 


ga 
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190890 
9924 «100° «100 on 
1923" 100-100" 99 
1920 115 118 


2 AGAS PROPERTY 


Fic. 1 -—Composits PUBLIC 


"studied representing a wide range. of conditions and many in the 
progress of the art of power plant design. Some were equipped with turbo- 
generators, others with e engine-driven generators, with conversion equipment 
for street railway purposes, and even with ice plant machinery, and theinstalla- _ 
tions ranged from capacities of 120 to more than 100000 kw. A study w was 
ts made of electric distribution sy systems and of transmission lines, but again oe 
ing no instance was an exception found, in that all power plant trends were 


about the same and all distribution trends the ‘same. 


i. 
be Several months were » necessary to make the analyses and at no time were 


_‘Teferences made to other sources of information. a Of course, the research al 
was very exhaustive. ‘material trends: used "were those secured from 4 


manufacturers which were further checked by means of unit costs from —. } 
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So many of the data are also confi 
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TREND OF CONSTRUCTION cost OF PUBLIC i 


On one of these (Fig. 1) composite t typical of street gas, 


electric properties ‘have been plotted, ‘and t the uniformity from 1919 to 192%, _ 


r _ during the post-war years, is ) very notable. ' The component parts of these pr prop 
‘erties differ widely, the one with its boilers, stokers, and turbo- -generators; the 
gas plant with its holders, trunk lines, and mains, and the trolley property 
with its track and rolling ‘stock, but in each of these properties certain a asic 
"materials and also labor predominate sufficiently in their physical 
to keep the trends approximately i in ° 


 alieias to a much greater extent hen others. _ Everything was then in coe 
fusion prices in many cases. were simply p rohi ohibitive, with no relation to either 
wages or material costs, and ‘others ¥ were RDA almost wholly by ‘the eager 
: “ness ) to keep their shops going at a time “when little or no business was being 
offered. The similarity of the last seven years, since the return to more 
business conditions, is in many ways femarkable, 


A comparison is given on Fig. 2, a super- power station 


$15.00 000 and a ‘small station costing only $50 000; and on Fig. 
comparison the composite trends of a distribution system in 


ty sota and another i in Georgia i is made. AF 4 and 5 are J atti 


of the detail trends used. ON 


- Table 1 isc composite wee the super-power station shown on Fi ig. 2, and it 


rod if = 2 


— be noted that 99% of the equipment was trended. The year 1924 was 
ty used las a’ base of 100, and multipliers were compiled for each of the items, 
PB year by year, from p price trend letters. The composite summary a t the end $f 
he of Table 1 is not predetermined, but i is | the ciemtiia ‘ot the weighted averages 
of each of the thirty-five major it 
‘Phat all these utilities, power and distribution systems would trend a 


readily: available, the writer is that their exper ri 
a substantiation of these findings: = 
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FRANK Wicut,* M. Am. | C. E. “(by letter). —lIn the last paragraph 


| MThat all these utilities, power plants, ts, and distribution systems would trend 
" go much alike, was not expected, but if similar research of others were readily 
_ available, the writer is very confident that their experience would be — nee 


| This last stated opinion on the writer shares. 9 Construction costs are made up se. 

of a a number ¢ of items, each of which ‘varies individually and i in the proportion 
5 it bears to the total. - Nevertheless, except for unusual types, , the total cost et 


eonstruction 1 seems to to follow about the same curve over period of years. 3 4 
ay The w writer is confirmed i in this view by a study o of the Engineering Ne: ews- . et, a 
nae is Record Construction Cost Index and it its relation to t the data Mr. Breuer pre a 
‘a t sents. That Index is purely : an index; that is, it is not the cost of. any ny specific nes 
: jf “ode or even of typical projects or structures. It is a simple mathematical r 
derivation: of ‘the “composite costs | of four of th the items 3 which | go to make up 
construction ‘cost, “each weighted arbitrarily according to the part it is 


to take in the total cost of an en ineering work. The value of the 


EA 


9 being based on judgment, must be proved by the accuracy with which 
te it gauges actual cost and not by any individual opinion of the propriety of the — 
. ie relative weights of each item on a the selection of the several items. The Index : 


been worked out’ fo or the } years 1914 to 1926 a1 and i is based on an assumption 


of normal in 1913. ‘The Index for any month of any year, , therefore, 
i indicates er cost of a a construction ‘project built lt at ‘that time i in ‘its relation 
“to the cost the same as built in 1913. 


The Index is based on the prices of steel, cement t, lumber, and pee 
in’ 1913, each item being weighted as follows: | Steel, 37.50% ; ; cement, 7. 14%; 
Z lumber, 17.10% ; and common labor, 38 per cent. The weightings were deter- set Bs 
by studying the annual production of the three prime materia als and. 
‘number of common laborers: (excluding farm labor) 3 in the United States. The 


markets considered are structural steel in Pittsburgh, Pa.; cement without 


a 


| 


bags, f b b. Chicags, Ti: 3 by 12- in. to 12 b by 12-in. So Southern | pine to con- 


tr 


tractors i in New York, N. Y.: ‘ 
cities listed in Engineering 1 Record in the first issue 6feach month..The 
prices are those obtaining in the last week of each month, published i in the fect — 
- issue of each month. The quantity of these materials and the number of man- ae “ag j 
hours used in corsputing the Index were selected so that the total cost | (quan- 

tities 1 multiplied by prices. and adiled :tognthoen) for 1913 would be $100 for “oa 
Bean On that hat basis, the Construction Cost Index for the year years for which it ‘has ati os + 
been computed i is, as follows: Yo exret od? tot 


and the average price of common labor in 


* Editor, -Record, New York, N.Y. 
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7 his _ A study of these figures, will reveal that they form a curve remarkably 4 
os similar to the curves of construction costs of actual properties presented j in the ay 


=) 


oft 
Sch 
| 
a 
construction COST OF CERTAIN” 
of graphs showing the trends cost of (1) a power plant building; (2) an 
property 3 (3) a gas property ;, a and (4), a street Tailway property, for & 


years 1914 to 1925, all plotted. from Mr. Breuer’s figures. Superposed 
these graphs i is the gra h of the Engineerin, News- Record Construction | Cost A 


through the same years, with its base referred to the } year 1924 instead 
oe of to 1913, because 1924 has been used as the base of the relative figures pre 
‘It is subm itted that this similarity. of trend amounts almost. to identity, 


‘indicating not _only _the truth of Mr. Breuer’s observation that. there is. 


similar ‘trend in all _ construction costs, but also that the fundamental. charac: 
j teristics of cost trends are fairly portrayed in the basic elements which go to 


u up the Engineering News-Record Construction Cost Index. _ 


J. W. Humer;* Jon. Am. Soo. 0. (by letter). —A number of interest: 
= comparisons are brought out in’ ‘Mr. Breuer’s paper. . It seems rather a 3 : 


4a Ey coincidence that the trends for an electric property, a gas property, and a é 

street railway property parallel from 1919 to 1925. One would expect 
te to be somewhat similar, but the maximum variation during the T-yeat 
es: period, as shown in Fig. 1, is 4 per cent. The writer made a similar’ stiidy } 


Os of the d data at his command, and the results were approximately the same, ae 
es ae ‘The trends for the three types of utilities from 1919 to date, closely paralleled, — 
5 z the maximum variation being 10 per cent. - Also, the d data for the period from 

1914 to 1919 sho wed a much closer « correlation between the three types than is 


shown i in ‘Fig. 1. The gas and street railway trends were almost a x 
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that 6-year interval the trend, the exception of 
two years, did not differ from the other two by more than 7 percent. = 
te The fact, as shown in Fig. 2, that the trends for a ‘super-power st station and — 


a small power station extend so evenly « over the 12-year period seems ‘unusual. 
Bod the very | decided change ‘to large central stations, 


of small stations, one would expect that the economies, due to improved deciles?” 


E, would cause the trend of the former to deviate more and more from that — 


of ne 
th nd tod the deility the writer compared ‘the: 


his use. It was somewhat of surprise to find that with a nu of items 
: variations of 20% and more existed. - - Beeause the yearly indexes were probably 


pot secured from the same source, and ‘because the items under consideration — 


not of the same type or make, variations were expected to occur; but 20% 


: and more seems altogether too high. However, when all the items were we 
weighted and the yearly trends for the property as whole determined, the 


ia writer’s work compared very closely with figures given by Mr. Breuer. fh treats, 
Brever,* JUN. Am. § Soc. C. E. (by letter) —The marked similar 
ane ts for 
year by year since 1918, in the composite trends of construction costs for 


i street railway, gas, and electric properties, is again | confirmed: by the year es 
1996. These statistics ‘ate frequently in Se, and seemingly always, with more 
better data ‘at’ hand, one would expeetdiscrepancies; but an impartial 


judgment discloses the fact that the conclusions derived i in the previous investi- 
‘f gations are sound, and 0 nly minor changes i in detail trends are found. The : 
year’ 1926 compares! very favorably with 1995. 


* Engr., Day & Zimmermann, Inc., Philadelphia, Pa. 
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paper, will de evident fram an inspection of the corm: of tity 
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Society ig not responsible for any statement made or opinion ‘expressed. 

MIRTUAL WORK: A RESTATEMENT®* 


By Harpy Oross,t M. ‘Ant So 0c. 0. 


Discussion BY Messrs. E. A. MacLean, Ricnarp G. Dorrr.ing, 


structures by internal strains may stated i in the mathematical of 
- the calculus and of geometry, and in the engineering terminology of moment, R 


_ shear, product of inertia, and moment of inertia. These theorems are, however, — 'o by 
most readily correlated by use of the principle of virtual work. ~The pa 

ee oe restates this principle, emphasizing that the reactions to the i imaginary ‘external ¥ 3 
tg resistance | are themselves purely imaginary and in no way necessarily related 4 oP 


the. supports of | the structure. It in par part the very bread 
ofthepinie 
Most of the theorems developed a are not new. Indeed, the writer is not 


7 sure that « any | of them are entirely new, nor is he here especially concerned with 
: lack of novelty. The paper may serve a useful purpose in bringing into” ’ 
logical sequence a group of geometrical principles which are essential to the 
a study of statically indeterminate | structures. If it has: any such value, the : 
omission of references to the work of many who have helped to » dovalay or 
the the principle of virtual wo work, may be pardoned, 7 
oe shawn in Fig. pee The writer made & 
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belief that the broadest st application of the principle has not been in. properly 


be As usually presented, the principle may be stated somewhat as follows :* 
Assume any rigid body acted on. by a force and reactions and let it t be 
determine the deflection, 4, in the direction, ab, of any point, a. 
Consider, 1 first, the stretch—call it. differential fiber. ow: con- 
sidering a unit hypothetical resistance to m 
the fiber, then the external work will be 1 and the internal work will 


Each fiber products its independent deflection and, therefore, 


Total 4 = Bus.. aieals roiltia ad .(2) 
‘Lf the internal hypothetical stress resists the distortion, “the internal work will & J 


be positive e and the external movement opposite in direction to the hypothetical — : 
load. “The same ‘result follows from: the “more convenient rule, which trea 


the direction of the hypothetical wiles the algebraic summation, 


hes would have 2 applied equally well to the: shearing distortion of a differential _ 
abe to the rotational distortion of a differential cylinder, to internal angula 
displacement, or to any other internal distortion. 
5 hit Also, as Professor Swain has ‘pointed out,+ it is ‘possible to deal with — 


" ‘qtternal rotation at a instead of translation. The hypothetical unit resistance — 


Ysthena unitmoment. Then, = 2 | 


t 


e stress in each small particle due to a unit moment at a an 


in the particle, 
> lei As the equations of virtual work just stated involve no work done by the 
 a@eactions from the hypothetical unit resistance it must have been assumed that _ 
they do no work and hence that they do not move, This is commonly—although 
always—stated. A ‘more correct | statement, however, is that these reactions 
not have : any motion which appears as a a part of the described displacement, 
% and hence the reactions to the hypothetical unit resistance are such as to fix in 
direction the line with reference to which the is 


oy to fix in n position n any assumed poin nt on this line. 


points on nite’ deflected or (2) any y tangent to it. In the former 


a unit load or moment acts on a structure simply supported at the two - on, fg 


iple in American literature, see a paper by , 
Franklin March. 
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eorge Swain, Past-President, Am. Soc. C. 


orted at Band C. Either B or may be taken as fixed, the other point being, 


given ; in the latter, the structure is fixed, or cantilevered, at the 
of tangency ‘of the fixed tangent. To 
E* The general principle deduced, therefore, may be stated, as follows? To : 
find with reference to any line of the distorted structuré and with reference to 
a any point on that line the displacement produced: at any other: point by'given ‘ 
internal distortions, consider a ‘unit: resistance to such displacemen t ‘applied 
x externally at the given point, the structure being held stable by reactions fixing 4 
points and the line of reference. Find the: internal resistances ‘produced by 
this imaginary ‘external resistance. The sum of the products of: the’ in 
distortions multiplied by the internal resistances is the der 
"strains may be either elastic or plastic, or they may be due to temperature or z , 
inaccurate workmanship. The external movement may. be either of 
of translation. with, reference t to ‘any. line 


deflected structure, _, Translation may be. measured in_any direction 


to any g iven Tine in the deflected structure and anys given, point on 


‘tha alt cody tavitedtoqed odt jo 


presented the broad statement | of ‘the Telations of external movements 


ae to internal ‘distortions leads directly. to the usual theorems: dealing with slopes 


er of the ing s, the 1, the nd A, the area; being the 


ae modulus of elasticity), except that u should be defined with reference to the 
fixed or reaction points. 4 Thus, it is possible to find the deflection of any pend 
‘point, A, with reference to a‘line through any other’ two panel’ points, B and’0, 


by considering the hypothetical unit load applied ‘at A, the truss ‘being sup 


and deflections. In trusses it takes the familiar forms) (the properties 


3 


_ for hypothetical loads, on rollers. ‘Similarly, the relative deflection of opposite — , 
corners of any. quadrilateral of a truss may ibe found by taking 2 in n whieh, 3 
wis the stress in any bar to a unit load at one corner in the direétion 
other when the truss is supported at the other corner. is ‘a’: familiar 


case — the di 


in which, 4 is,the external relative movement of any point, dg is the rotation 


(produced by the bending moments) in any differential length,' and M’:is 


imaginary moment over th this differential length prox produced by a unit 


if the deflection at any point from a chord of a a structure, to moments 
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"influence line for at point on From om ‘his it 
follows ywe that the deflections of any line away from its éhord 
“equal the bending moments s on the chor d, treated as ab 


a ported at its ends, due to the angle changes as rar This i is applicable in any 
|e case to a beam, a floor line, or a truss chord, if the angle changes can be ‘dia 


- puted. From it the moment-area theorems of Mohr and Greene may be e shown rs 


_ this fiber from the neutral axis. The strain of the outer fiber is — dl 4 in atk 


a 


which, f is the atreas ‘im the outer fiber. oh Then, do= wi fee 


In all the theorems dealing with ‘moment. areas, the ‘term, be si sub- 
; stituted for —. Sometimes this is convenient. It also makes possible a — 
of the @ deflection of reinforced concrete beams and, in 
y gives a clearer view of the assumptions that are involved in the analysis : ‘oe a ie 


the beam formula applies, 


esgion 


theorems are, therefore,, indeterminate for those parts ofa 3 in 


hinge: unless" the change of at ‘the hinge inde 


it f the expressions, ; for trusses and M’ beams, b 


ied gol 4 w f{eaiinebi “Yh, 101 T 

to find absolute, displacements due to loads on the structure, the. inter- 
thangeability of the terms, s and M, which are due to the loads, with, and M’, 
_-Tespectively, which are due to the hypothetical external unit resistances to dis- 
Placement, indicates at once the general theorem of reciprocal -displacem ents, 


a displacement” is interpreted i in ‘a general sense as either linear or dieuler, eg 


met at B due to a load at A, provided that both at A and at 'B the force and es 
displacement are of ‘the same nature, linear displacement corresponding 
force of , and rotation corresponding to moment: 


the displacement at A due to a Toad at B y has the same value as the displace- 
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nal The angle change in a differential length of the axis of a beam, 1f plane 
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¢ 
; » This t theorem is useful principally in mation as influence ordinates 
those displacements of, the load line of a structure which would be produced 
by an imaginary unit internal distortion corresponding to the internal = 


twoife'od ’s Tuzorems Derivep Dmeoriy Wor 


to the relative rotation at one point on a beam referred 
a another ‘Point is desired, consider the beam cantilevered from one point and 4 


‘leaded with a unit moment at the other point. Then, M’ = constant = 1, 


between the points of reference). 
timer 


4 “froth ‘the first is wanted, consider the beam to be loaded and a from 
the first point, with a ‘unit load at the second. Then M’ equals the distance 


of each section Woon the second point ‘and EI —dl is evidently. 


times the statical moment of the area of the moment curve chous the second 


1 


Mour’s THEOREMS 


— 


& In alas case aes a beam on fixed supports the change of slope at any point, L 


‘relative to the Tine joining these supports may be found by applying a ‘unit 
at the point, ‘the beam being ‘simply. the fixed point, 


= (meas at A due to each 


= shear at A ona beam due to the —~-curve coneldered as a ‘oad. 


i, apply unit ita 


“Willett at A. Hence, the deflection of vy is the bending moment at 4 ig 


= ~eurve e considered as a of ‘806% 


M’ with the line, for some easily evaluated function, such as shear 
es offers a general method for ‘stating theorems of slope and deflection 


inguage efi By its, use may be 
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known as the method of conjug 


rence to the line; B. C—4, in the oes the | bending ‘moment ie 
to aimasbuta of agili 


‘Thus, consider a | beam bent as shown in » Fig. 1. . The deflection of Point A 


shear at A on the e simply supported beam, BO, due to the — - curve eile is 


2B de acting as a load. 9 


other application of the principle of virtual work is in finding 


ihe change, 4 a, of any angle, a, of a triangle (Fig. 9) due. to stresses in the ae 
thre e sides. Apply at A and C the elements of a unit couple, causing reactions 
guch ag to hold A B fixed i in direction. . Tension and i increase of angle are taken pee 
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aré not often to dlspate are for for, 

m to facility in spaiyzing r@piures, b 


in which, for and te fiber and ty other terme 
“Wig. 2) Equation (8) is probably the most convenient formula for the’ ang! 
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VIRTUAL WORK: A. 


a a, 

(9) is familiar to students of secondary stresses. 


4 


Evidently, ‘the: method here presented ma ‘may  Teadily 


ai prrasncte in terms of the end ps 9 tes the latter in terms of the former, h 
the first case given the loads on the beam, the reactions (end shears) are 
desired ; ‘in the second, the ‘magnitude of the loads is to be determined’ for 


ob 
given ‘reactions. By! taking moments about B (Fig. 3), there follows, 


pe 

moment 


 todit ord «i i 
slope: 


“eapparts 


q 


y taking r momen 


~~ Both forms * equations have long been used i in evaluating secondary stresses. 
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evaluating them by simultaneous of 


aati es, has had an elaborate development in the literature of the ‘ ‘slope. 


The ‘Principle o: of virtual work farnishes a method of computing — 
moment weights, or, as some writers call them, “elastic weights”, for determin- 
ing the deflected load line, or influence line, for trusses. Assume that it is ad Pi 
- desired to draw the deflected load line for a unit load as shown (Fig — 
an influence line for horizontal reaction. angle | change at a may be 
- compated by applying a unit moment resisting this angle change. This is 
| effected by applying loads as shown in Fig. 4 (6), , acting at the points on the — “ty 
bad line or floor as indicated by circles, and then computing 38 u, in which, 3 
* is the change i in length of any bar due to the horizontal reaction, and w is the 
for the loading shown i in Fig. 4 (d). may then be 
as loads at the panel points ‘gud, corrected for the deflection 
the ends of the load 1 line, the moment curve thus produced will have the shape — 
Floor Line (Load Line) sail alt’ ‘odi at 


Berry 


applied at Points 
Indicated by small circles 


= -beams frame into the verticals between upper and yon penal points, de 
given indicate the broad of the general prin- 
- ciple of virtual work. The writer has thought it wise to limit them within ~ 
the @ space which the specialized interest of the paper justifies. For the same be 
‘reason, the pe paper is ‘confined to the geometrical relations ¢ of and 


does not include ethan relations which, in the theory of indeterminate struc 


In closing it may be well again call the pure y geometrica 


‘assumptions regarding the action of structures. Like all other ‘geometrical 
tlations, they are not open to dispute, nor are they proper subjects for ass on 


‘mental verification, and they are also subject to statement i ‘in an endless variety — 


forms or of the relations involved. Familiarity v with these relations 


is essential to facility in analyzing indeterminate structures, but neither ordi- ies 
nor extraordinary expertness in this field necessarily — connotes: either a 


unusual or even common ability i in designing structures or in ‘understanding ‘= 


© For an aalaiioas correlation of virtual work with the theorems of Castigiiano, see 
“The Principle of Virtual Velocities and Its Application to the Theory of Blastic Structures”, 
Ernest Lamb, Selected Engineering Papers No. 10, Inst. C. E., December, 1923. 
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these theorems to. enginee ring structures, it is, 
: gi to show’ that for given values of the moments, shears, an 
a can be predicted, or, if exact prediction is not possible, to 
a direct | computation what error results from the inexactness. Tn an ; 
indeterminate structures it is also to be noted that usually the ‘relative and 
the absolute values of these strains are in question. 


Because. of ‘the. -definiteness the moments, shears, and thrusts, strain 


_ measurements on statically determinate structures seem for this Purpose more 
_ Naluable and dependable than similar data derived from measurements 9 
indeterminate frames. _ When | it is, established t that, , for any type of construe 
tion, these strains—or heir relative values—can be definitely | predicted, the 
whole theory of, stress, analysis. follows from the relations, 
asa matter of f geometry. In order to be. of real value in 
indeterminate structures, “however, ‘the strain relations most 
be those for conditions approaching not merely that exist 
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icity as applied in much of the literature dealing 
determinate structures of reinforced concrete, will, make, 
— h structures, and will give greater 
theory to such structures, and will 
application of more correct theory to such 
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VIRTUAL WORK: A RESTATEMENT 
MacLean,* Esq. (by. letter). —The writer believes that. Professor 
ross has d done the Structural Engineering Profession a a seryice.| by, calling: to 
e attention of its members the value, of virtual work as a tool in the solution 
af indeterminate ‘structures. He has shown that many special methods, slope EY 


deflection, elastic weights, ¢ etc., come ) directly and logically Peli 1 work. 
 Acareful study of the paper should convince the reader of the wide applica- 
bility of the method and the desirability of mastering it thoroughly. — ‘= ot 

To those already familiar with the principle e of virtual werk the applica- 


tions and modifications are valuable and instructive; to others the paper will 
give little exeept desire to know more about: the 2 subject. It i is unfortunate 
that the | engineer wishing to master this principle must study so much litera- 


ture, which often contains a great deal of extraneous material, wes the | 
matter set forth by Professor Cross can be understood. od wo 
The writer feels that the paper eould profitably be elaborated into a more 


m < understandable and usable form. Such a ‘development, of the theory of virtual - 


= 


work with its numerous applications should be of even ‘greater ‘service to the 


fession and a uae addition to engineeri iteratur obs 


Ricuarp G. Am. Soo. ©. E. (by: letter).—The term, 
“Restatement”, in the title: alone seemed pi promising, the writer “understanding 
ry first to mean a statement clearer than prevailing ones—one furnishing:a é 
working knowledge of the subject and making the study of its practical — 
pplication ‘more attractive. it sean hardly be’ classed'as* such. 
“Farther, too. litte importance is attached the theorem of ‘reciprocal 
deformation, although it is considered by m many be most fundamental 
as well as the most comprehensive theorem in the analysis of statically inde- 
the practical application such as imaginary ‘reactions or or hypo: 
_ thetical stresses do not enter; it seems that their inclusion in the demonstration ae 


‘Virtual Work. —Work as the product’ of force ‘and the distance. through 
which h it acts is af familiar enough conception ; but work as the ‘product ofa $ 
moment and the angle (in circular measure) ‘through which the moment acts, — 
it 
a conception less familiar but of equal importance. That both are really 
equivalent may be illustrated in a simple way by a displacement diagram lik 
of Force. =F Xm a= Fre. 


a 
Work of 3 of Moment at Pr = = Fra. 
considering a. framed “structure under the the action external forees 
4 seems: ms clear that -all_ panel points, or points of application of the forces, ‘may 
oo regarded as small rigid bodies connected by elastic members, and that the fe 
- Motio n of these 1 rigid panel. points a and the deformation of the whole structure — 


‘are due entirely to the change in length of the connecting members, ; In other a 


a 


* Associate Prof. of Civ. Eng., Agri, and 1. 
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ad words, while the deformation takes place, or during | the | transition from a 
PS state of equilibrium t to > the other, each panel point moves with all its forces in 
equilibrium. Hence the resultant of these forces. at each | panel Point and 


—— 
Be 


ch 
its Wor remains “zero, | or the | r resultant of ‘external forces at eae ‘panel 
point ‘remains equal but in direction to the résultant df” all internal th 
forees at the ‘point; the internal “work 4 


BR WE OF 


and d be its in ‘the directio n of P. Tet 8 
the resultant of the internal forces or stresses at t the ara panel point bade 


in equilibrium then P, d, and 4 1 in line, and from the beginn 
‘ of motion, a at any ‘instant during motion, until the end of motion, P= §, 


d= 4h end Pd=8 41. If the loads are brought on without shock all four 
values ~inetease. from zero to a maximum at the same rate, hence, 


* 


= eee to the first system by a subscript, 1, and all values due to the second system 
by: a@ subscript, 2. The two equations of work will be: 


now two different systems of loading, and indicate all values due 


es a however, the strain in any member is proportional to its stress and in 


line with it, the projection of the strain on any line must be oe to ; 


Pade 


projection of the stress on that line. Hence, rollin al 


4 — This i is a true equation—there i is nothing hypothetical or imaginary about its, x by 
Ea: ae but it is not an equation of real work, because S, and P,, are due to one ie 
in equilibrium whereas 41, and d, ‘are to another “system in 
ie equilibrium. It might be called an equation of ange work (Possible w work), § 


is’ known as” the equation of virtual work. It is s the most important 
equation of the subject and of constant nasal in determining statically i 
indeterthinate quantities. Expressed for the whole structure it is v written: 
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on, | panel points, | \4- “Aj of, a, statically determinate structure, 


changing the distance between the points, A-A. "Designate the 
to this loading by, 8’, ‘the change; in length of the members by,.4 and 


the change in distance between two. other: ‘points, B- B,,. by. Then, con- 
sider. two other forces, P”, each equal to unity, acting on the panel points, 
BB; designate the “stresses due to this loading by the change in, length, 
the ‘members by and the ‘change i in distance between the e panel points, 
4-A, by Now, write one, equation of, virtual, work using the loads, P’, 
i nd the stresses, 8, the first | loading, b but the deformations, and 4 of 


the second loading: and another equation of virtual work using the loads, 

and the stresses, §”, of the second loading, but the. vend 


Or, ane | br acd the manver of 


AVX. 


p= = because FY’ land 4 4 


If A-A and B-B hel. been | points _of application _ of the unit loads, 


and P”, on a plate gir der or solid arc arch, the equations of virtual val work 


= Ye oil, wi ig g bos tm Bol Age 


vet 


‘the same equa ality of p’ and as | for framed structures. _Henee, for any 
structure: Two unit loads acting on two points, A-A, will change the oat 

distance between two other points, , B-B, the same amount as loads 

acting | on the points, B-B, will change the distance between’ the points, A-A. 
: ‘ Remembering now that the work of a moment equals: the moment multiplied 

_ by the angle (in circular measure) through which the moment acts, . and that . 

this i is equivalent to the work of a force : as explained - before by ‘Fig. 5, the 

theorem may be expressed in a more general 1 way, thus: The cause of clastic 


of a a structure may be a force, a pair’ of a a pair 


font 


in 
filo 
= 
ing 
8, 
: 
- 
wan if 
— 
Ws 
#4 a3 of the structure, say, on a point, a straight line, a pair of straight lines, etc., Pe 3s a ic, 
it-will displace a second element of the strueture the same amount | as asimilar 
) Suse (equal to unity), ‘acting om‘the second eleme displace the first. 


Expressed more briefly: The which 1 must) suffer » 
4 P= 1 is acting equals the displacement which P = 1 must suffer while “adel 
oe tie For particular cases the theorem leads to a number of statements of 9 ue egy 
the following three are the ‘most important: 
The force, (Fig. 6) ‘will move the point, t, B, in 


: the same as the force, Q = 1, will move the point, A, in ‘in the 


"39 The force, P = 1 (Fig. 7) “will turn the line, cD measure) 
same amount as the 1 1, will move the point, A, in the dire: 

8) Ti Q boys (Fig, 8) will change ‘the angle 


; between. the lines, CD and EF (in circular measure), the same amount as the ; 

_two moments, = ‘1 and N = 1, will the 

irom very to maximefy at the 
Note that moment equal to unity, o1 or a unit is represented by 

The _veciprocal theorem i is the analysis stati cally 
structures and leads directly t to the of influence lines: 


An 


Let Aa B (Fig. 9) be a continuous beam ‘on three “supports with a 


at Point m; n; required the reaction, Let the statically determinate 


: hag struct the deflection line for this leading or compute the deflections, dag i 4 
‘Then, according theorem: The load, Py vi 
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>: 
— +9 
— 


+ 


RATHBUN ON VIRTUAL WORK: A RESTATEMENT t 


to dno 


i 


work, 2 es , and ) ae are elements of the first system loaded with 
oe and dna 2 are elements o of the second system loaded with X, = 

that while Equation (13) gives a relation 


between, loads, and Equation (13) gives a relation 
RaTHBUN,* M. Au. Soo. O. E. —Professor Cross 


pointed out the application of the theory of virtual work when the ‘fibers 
a of the structure are in tension or t compression, and the manner of computing 
a: in a given direction by as assuming a hypothetical force acting in a that 


4 direction. He also mentions the method of computing rotation based on ~~ 


If, in addition, shear in the fibers is considered, the torsional deformation 
4 Tei ina shaft) will also apply, as well as the deformation due to simple shear. ete 


Thus, in the cantilever beam ¢ of Fig. 10, to obtain. the full. deformation i in the 
‘ direction of the force at the point, P, not only is the deformation due to the : 
thrust in the direction of the X and the moments about the Z and 
axes to be taken, but also the shear in the direction of eac of these axes and 
ie torque about the X-axis. As a rule these shears may be neglected, while b “«) ae 


it become an od element in the deformation. 


‘oilt 


ss 
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to 
a Each of Jements of the deflection can be obtained nidepe- 


ate computation by virtual work. od > bas ot 


Harpy Cross, + M. Am. Soo. C. E. (by letter). ——The writer has read wid) 
4 interest the discussion by Mr. Doerfling, but is ‘unable to. accept his a 
tions either of virtual work or of the laws of statics. 3 Mr. Doerfling states 


that “during the | transition from one state of equilibeiem to the | other, eac 


= which is ‘also stated algebraically. This, if correct, would 
fi 


an important addition to the laws of physics. 


‘im Head of Dept., Rat Prof., Civ. Eng., South Dakota State ool of Mines, Rapid Cit 
niv j 
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th quantiti 1, and d,, are by defisition ‘the ‘movement vy a 
given direc on (the direction ‘of ‘PL a ‘an nd 8; ‘Hen 8, 


are new to the 
writer and he is unable to them. | to bite 


ate Apparently, Mr. Doerfling is trying to’ deduce! relations ‘from 
ae considerations of or true internal work of structures. Of course, such a 
‘method, if logically applied | to ‘elastic ‘structures, leads ‘to equations identical 


‘with’ those Teached be virtual work ; and it may ‘even appear to lead tothe 


Bae results if followed illogically, but with | determination and p purpose, | 


Considerations real work, however, “are not used i in ‘the ‘method of ‘vittnal 


the of i imaginary y reactions or’ hypothetical stresses is unneces 


—,. 


The method of virtual work leads to the equation, 4 8, whieh, 
are is the unknown external movement resulting’ from the e internal distortions, $ 


is not always made clear nor ate oe 


of the summation. Perhaps the most comprehensive statement is ‘th 


the %-values are the internal resistances to distortion (in 


stresses) produced by an imaginary “unit load, ‘coincident, with 4 i n 
imaginary framework or structure which will petites this i imaginary load from 


of reference. Tt is s essential to understand that the e reactions, to 
the “dummy” load with which the principle operates are ited tm. in p 


direction by the reference from which the displacements a are measured, 


shown ‘relative to the line, c, and Point may be found from = | 


Zusin . which, u is the stress due to load unity. on thé truss shown in Fig. 
es However, any framework that i is made up of any or all of the bars of a 
‘+ _ the original truss and ad that would support a load at a , from Points b and ¢ 


“might have been chosen. -A framework as shown i in Fig. 11(c) 


to b and u may be ‘taken at as moments along the chord be, 
a unit load at a and _ then the. integration,, u ud, nay be. u 


_ The principle i is entirely a geometrical tool derivable from the principle.of 


i ‘the conservation of energy: It does. not deal with, nor does it depend, om, 4 } 


considerations of true internal work; is not, therefore, ‘dependent ¢ on the 


validity of Hooke’s law, as Mr. Doerfling seems to think, ‘That it is to be found 
almost exclusively in the literature of engineering results from the - 
only engineers find it espec y 


osition and 


Thus, i in the truss shown in Fig. “11(a), the displacement, ‘of Point 4, in ihe ' 
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CROSS ON A RESTATEMENT 


use the om both of. the equations: Ui ‘8, 


me to. involve a logical absurdity, although an unimportant. one, since,it 
viously possible to imagine the unit force remaining constant during, the 
deformation and constant resistances in an inelastic structure. 


to 
TA HHO 
x 


be 
+4 
ore: 


A= , furnishes simple and complete 


tion of the time for bey 


a proof of the onan theorem that the writer is ‘surprised that Mr. Doer- 


fling considered it necessary to substitute a demonstration which ji ‘is both 
“tedious Mr. Doerfling bexins. his demonstration with, a 


a Tustration of the utility of the re not 


i ventures the opinion that engineering papers in general are too extensive oof 


bag 
the ‘literature o of indeterminate structures especially has suffered ‘from 


> erin Rathbun is correct i in stating the broad applicability of the } prin ; 


— 
tirely imaginary and the 
dered in virtual work are entirely 
ity. The phenomena consi 
ha 
— 
— 
the — 
— 
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— 
3 
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| 
ith 
— 
ch 
ne thinks that | — 
much as possible; Professor MacLean thinks thet he 
the paper as much as possible; Professor MacL 
— 
at 


In beams, the expression, u 8, takes the form, m at and it follows a coral. 
dary that the deflections due. to slightly bending any line ‘away from its 
original position can be evaluated bending moment on the chord due: 
the » angle changes as loads. This may be readily proved by the geon geon metry 


small angle changes. From this, other. -identities—slopes as shears, tangent 


wt the 
of otructural action appear only when. an effort is made to evaluate 
and in terms ‘of actual forces. and bending moments. Thus, the relation 
; <3 of external displacements to internal distortions in structures is not “subject od 


question ; the values of these in actual structures is fa to 


ce. is subject to considerable dispute. 
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Gerarp H. Marries, anp Grorce T. 
problem of locating edt to non 


object of this paper is to acquaint engineers with ha 


4 accurate contour maps di directly from aerial | photographs. The process discuseed 


the product. of “research: and development since the World War. 
important elements of the problem are stated, followed a brief exposition 


‘y The control needed. i is confined to a few ground elevations for each photo- — 


graph and a small number of distance measurements for each survey. “The 3h 
6 
sulti ing maps are re available i ina a fraction of the time necessary for sury rveys by 


A ¥ methods. Their : accuracy often. exceeds that of ‘comparable g ground surveys. ais 


is applicable to a wide range of conditions. it (offers marked prc 
advantages i in making maps 3 of large areas for engineering studies : and prelimi. A 


Pe - Aerial photography is a relatively new.t resource of the e surveyor and map my 


quent ‘with new processes. On the other hand, its. scope hae’ been 
and its use adopted sufficiently to indicate that it has come to stay. Its limits . 


Pre a. 
Ber rgen “Service Corporation, ‘Lakeland, Fila 
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are b ton play an 
The speed of the e aeroplane, the rapidity a and detailed record of the ¢ 
: suggest to any engineer tremendous advantages for a process s by which ; accu 


topographic, maps can be prodneed from, aerial photographs, swith, ‘Telatively 
little instrumental ground measurement required. for co control and correction of 
the pictures. es. The photographs themselves cannot ordinarily be used as map, 


because of the variation | in scale. _ Particularly in country having any “> 
stantial relief, ‘the horizontal ‘stale of pictures Varies to a 


Although ‘aerial map mapping is ‘new, use of photography in surveying is 
not. Most engineers have some, acquaintance with the theory, if not ct 
ve practice, ¢ of the photo- theodolite. _ Records are available o of the scientific use. of 
ei photography i in surveying as early as 1850. European army - officers at that time 
made use of the camera” somewhat. after the ‘present manner ‘of using the 
At the end of measured base lines, pictures were taken on vertical 


planes, and the angles be ween base lines and optical ‘axes. determined, thus 


some. by cameras, haying several, lenses and, picture, 
_ exposed, so as to record more information, and supply some check on the posi- 
tion of t ie viewpoi int. Swniheande OF hese cittoriens 
Nad “aa Developments of the World War revolutionized the use of aerial 
tography. The changes were so radical in their nature and the uses so extensive 


as to give the concept of something wholly new. André Carlier, Président. de 
PAssociation Fraticaise Aérienne, ‘is authority. for the statement that, during 


_ the last years of ‘the war, 80% of the information about the enemy be 8 due a 
e. Ani important war development was the mosaic 0 f aeroplane p hotograp 


series of views were ieced d together to, to form a battle map, to 
repla ment by’a flow of ‘new photographs showing’ ev everch hanging details. 


989 


es After the war, attention was soon directed toward the development of re) 


ful uses for this new resource. _ Numerous manufacturers engé in the com- 
nercial production « of p otographic mosaics. Because of the rap pidity Wi 


which they can be obtained and the vivid conception they give of a large area, 


_ they have many uses. A mosaic, however, is subject to severe scale. variation, — 


pea where it covers ground of marked relief. ee 


‘Vv arious efforts have been made to bridge the gap between photographs and 
maps. One method is to use the picture for what it is worth as a | step i in 


mapping by old methods. Individual pictures, ‘mosaics, or some derivatives « d 
_ these have thus been used simply as plane-table sheets. Having before him the — 


Report of September 30, 1919, to the’ President by Conference of 
Federal Map-Making Organizations. including. W.. ‘M, Black, Maj-Gen., U. 8.4 
‘M. Am. Soc. C. EB. (then Chief of Engineers, U. 8. A.). William Bowie, M. Am. 

4 Chief,' Division of Geodesy, U. 8. Coast and Geodetic Survey, George Otis Smith, ae 
cE Geological Survey, A. P. Davis, Past-President, Am, Soc. C. B. (then Director, U, 

Reelamation Service), Thomas H: MacDonald: Chief of Bureau of Public Roads, O. 

_ M. Am. Soc. C. E., Chief Engineer, Forest Service, and eight others. 


“Tout Ile monde & présent a l’esprit des services qu’elle rendit la an et 
4 ‘est pas exagéré de dire que, dans les, derniéres années, 80% des ration, 18 sur Vennem! 


1924. 
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detail shown by the photographs, 

is effected in ground si surveys, particularly 
: maps of flat « country for general purposes. In such a case, the absence of relief i 

and the reduction of scale attending the processes through which the map Pas 
fine form, m minimize the se scale discrepancy and render possible con- 

_ siderable use of the photographic information. Th such methods, all measure- 

ments ‘of elevation and the work of locating contours is done on the 
A in the old manner; aerial photography is merely. an auxilia ta ean 

_ The ideal method will reverse this relation, will make maps siligr from ee 
zy camera Tecords, and dispense with ground measurements or t reduce these 
to a minimum needed for r control o only, One effort toward this ‘goal uses | the 
oy three-point method of control; that i is, if the distances between three points of 
equal elevation are know wn and eir images clearly distinguishable on the 

photograph, it is possible by to the picture plane. 
% This method has serious objections. Many such triangles must be located on 
be ground, involving 1 much field work. The computation is laborious, the 
 gesult unsatisfactory. In practice it is possible to make an indefinite number paste 
of of Te-projected positions answer to to the calculated size and position of the e tri- 7, 
33 angle. Often it is difficult or impossible to locate a suitable triangle ¥ with points 
of equal elevation. Resort may be had to points with measured differences of - 


-devation, but the computation 1 is then made more laborious. ih any event there: 


nains the problem of locating contours. ad 


ty _ Buch considerations have led to efforts to me Ta a ‘practical method for pro- 
ducing: directly from the data in the photographs ‘an accurate contour 
' = excessive work on the ground. _ Although the writer is not directly 
connected with the development of the particular to be destribed, 
has had unusual op) opportunity ‘to become familiar with it, having had occasion bc 
check certain work done by it and to study the operations and : 


it involves. 
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It is not to be e expected that an area area of marked relief will ever be reproduced ; 
rectly with the attributes of a ‘good map. Ww ith proper equipment photo: 
graphs can be made into records of high precision, but they follow certain 
inapplicable to > maps. convert the data recorded in pictures” to the 
3 form of maps requires analysis and changes to ‘meet these inherent differences cy vj 
a8 well as to‘overcome the effects of practical working Distances are 


‘Tepresented on maps unaffected by the point of view; on photographs, even e. € 


; series of. aerial views from ¢ a great altitude, points. and lines follow the — 

_ phenomenon of parallax, suffering changes in their apparent positions with rh 
changes of the point of view. A variation in the height of the aeroplane and 

& camera changes the photographic scales. _ Efforts to hold aerial cameras truly 

- vertical have failed, and the tilt causes further displacements of points in the 
photographs, v varying between succeeding views and within a single picture. 

____ In short, to convert the data of photographs to a uniform scale a variety of ii 
obstacles and limitations must. be met, some by nature inherent in all photo- 


of. Photographic m dre to diffieulti ie ties 
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“ABROPLANE SURVEYS” 


met in “operation; but the most troublesome are those 


aS 


Pic ures are conic Projections," Their f undament al pop 
erties are simple. The light reflected from the ground - photographed travels 
ae in ‘straight lines’ to the camera lens, a and 1 thence to the photogra aphic negative, 
A pencil of light rays reaching the lens from any, point on the. ground is 
_ brought back to convergence or focus in the corresponding i image at the fon | : 
distance behind t the lens. all practical purposes, there 1 is a 
2 Za in the lens, one nappe e cut by the ‘negative, one by the ground, - Each 4 
element of the cone represents the axis of a pencil of ‘light rays from und 
point to to > image point. he plane be passed through the optical 1 axis, the Tight 


a  & it contains may be simply represented by straight line crossing at oo: 


colo te ot bos xd prob Axe 
\ 


Wiis? | 


PROJECTION. —DISPLACEMENT DvE To GRouND R 4 


oa Scale and Area | of Single Photograph. —Fig. 1 represents the ideal case=a 4 
4 _ horizontal photographic plate and level ground. A lens with a focal length, f, ae 
projects” light rays from the p points, A and B, on mn the ground to the image 


points, and b, ‘on the photographic plate. From the similar 
A and, tire photographie scale, S = thes the 


t 


a of Whe pabtogeaan tt is the ratio of the heig ht of the lens to the focal 


| as is customary, His ‘expressed in feet and fi in inches, ‘then — is is the scale 
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ag 
cone, a sense supported by natural meaning and certain usage, which should. be distin 
— 


it expressed in the reverse ratio, as is s frequently done ie 

if mark or width of the. photographie image, from the 

same proportion, A B = = ab — , Which | the simple fs fact that either 
- imension of the photographic image multipl ied d by the scale gives the cor 


responding ground dimension, thus the area a that can 1 be down wn in the 
photograph. similarly, ab= 

possible to determine area: of ground in a given with 


Beale Variation Due ‘WS —Sueh i ‘ideal conditions 


= AB 


3 scale of an serial Photograph becomes changeable as soon as there is ground 
te relief. Because the e photograph is ¢ is a conic projection, a v a vertical dimension on the 
“ground causes: a horizontal displacement on the plate. Fig. 2 is a simple e illustra- 

tion a of | this. F It represents a a section formed | by passing a plane through the 
- ontical axis and the ground, including a stream channel or valley at V. In ae 43 
a orthographic or map projection toa horizontal plane such as X x’, the points, — ‘ 
Vand E, would show at ¥ and E, with | their true horizontal distance between, | 
the conic projection ‘to and v on the picture plane Corresponds to the 
a positions, V, and E, on the datum plane, XX’. ‘That is, to scale, the point, eg 
M is displaced away from the center of the picture by t the distance, zB, Ey and 


Tis displaced toward the center by the ne distance, V, in with 


are 

‘ then d = h tan a. As tam a varies with the distance from the ax axis 8 of the “ine 
isplacement va varies with this distance and w wi ith the ground dlevation. 
At the axis of the lens, a is zero, tan a is zero, ond the displecemint's is zero, 

_ Tegardless of the elevation, as already noted. In other words, the error i in the 


: -weale of a photograph due to a difference in the elevation of the ground varies 


} point involved from the center of the picture. . It Soca 
causes, , there i is inherent in the photograph a variation in watt as irregular as di 
i ae ground relief and varying with the other factors named. Tt is not 
practicable to make accurate use of aerial photographs by scaling ng.”* ate ee ‘3 
_. In Fig. 2 an arbitrary datum plane, X-X’, was assumed. If the photographic 
teale of any other datum plane ‘be used as: a basis, the effect i in general is to 
increase the numerical values for some ‘points ; and decrease those for others. 
ci the results for walters slopes be considered and the horizontal plane through — 


the foot- point | of the lens be taken as the datum, the total chan ge of scale ie 


* War Department Training Regulations, Aerial — prepared under 
irection of Chief of January 23, 1925, p. 9 
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equivalent: to 72.5 ft. at the scale of the datum plane through the foo: 


i To cite an extreme case, a point up grade on a 80% slope and 5 400 ft = 


_ PLAN VIEW 
2 


sive view 


Center Lines and Impossibility of 


Conjugate Pictures by 
conjugate images of Rosd notin 


dot 

UNIFORM GRADE 


eat 


Such gross errors: will ina ‘single photograph of bold a 


a : mosaic the errors can be lessened by suitable trimming of overlapping prints, 
but errors due to relief exist throughout mosaics and map ps made from them ; 
from photographs v without correction. In. fact, this condition makes it im 
pees possible to obtain a mosaic with perfect junctions between pictures showing 
ground relief, because two pictures of the “same: gr ground, or object, photo 

ES graphed, from successive viewpoints, take different forms. Some curious effects. 


‘oe of this sort result, as shown i in Fig. 3. it exaggerates what happens in the case of : 

a toad-of uniform grade, le, running 1 normal to the line of flight. the bottom 
ae of the diagram the road appears in elevation and profile; above are indicated ‘i 

two | photographic plates in side view a and in p lan. The plates a are assumed 
to be horizontal and on the one exposed directly above the road, it properly 

‘a appears as normal to the course of tl the plane in ‘its flight, but on | Photograph % 

ae to the right, the road appears at an angle to the flight. In the uppe? x a 


hand corner of Fig. 3 is illustrated the of 


4% 


— Views 
rade from the foot-voint of the lens and 45800 ft horizon 18 
amount 
Td an amount equivalent 
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if the one point be made to coincide. the other points along. the Toad 


not, although on both photographs the ‘road appears as straight. If it is of 
“uniform width on the ground its width on the plate will taper slightly, amtgh: ; 


ig. 4 represents a more common, case of a road of varying slo slope. This again 
be straight in plan or in orthographic ton on a map, but, on plates ee 


‘Ba: in ‘the aeroplane before and after it, it passes above the road, PAu 


appear as a curve; and the concavities or convexities ‘of ‘the, two projection: 
will face each other. At the right the two are superimposed, showing the i im- on 


“possibility of trimming prints so as to make them join along such a Tine. 
Ground relief, then, causes ‘the displacement of points in _the photographs, oO 


po points of different didtaxice from the axis of the ‘le ns. Baila for the 


game point on the ground a change in the p position of the lens and the optical : 
axis causes a change in the displacement of the ‘point in. the photographic hae 
images. ‘Thus, in two photographs taken withthe: axis of the lens vertical but 
on opposite sides of the same point on the ground, it is displaced in opposite ae ar 
that is, away from the axis of each position or or of each 


— 
PLAN VIEW : "heed in Diagram has been considered 
| f as line ton in actual 


Photograph 2 4 ic Projection the Road, of unitorm width, 
will be wider in P 

onlay orf bes 


j hotograph 1 Photograph 2 
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«Parallax —P arallax i in general i is an apparent change of position of objects — 
Ine toa change in the. point of view. Familiar examples of this are » the rela- 
tive shifting of objects : seen ‘through the window of a moving train and the 


readings of time by. persons looking at a clock from different ar any angles. 


on a datum plane. Thus, Fig. 5 two plates in 
the seme horizontal plane above the points, 0; and on the: ground with 


ABROPLANE, TOROGRARHIC SURVEYS 
mt | 
— 
3 
| 
3 
| 
| 
—— 
= 
— 


L,; on point, wa 
the has its a, to A, in the datum plane thi h 
the second plate its image is corresponding to 4, 
The distance between and A is represented by 
on ‘the two, plates, corresponding to ‘the lengths, 4, C, and 
“In the ‘photographic ‘at ‘the d datum 
diflerente in the pal of ‘the two images is: ,—A,0, = 
A, AA, “and L, AL, are similar, and, A, 4,: LL, 


4 


of A, » be called D, and the difference in 
_ of image, or pdvallax; be called p, then p represents D to ‘the > Photographie aa 


p=+xD= 


For any pair of plates exposed in a horizontal j plane, the base, B, is constant, 


_ for any given datum, the lena height, H, is constant, the scale r ratio, a ~ ise 
«stant, and the parallax, D, for any point is a function of its elevation. From 
e the foregoing relation, Equation (1), the parallax may be computed for a given 

elevation; - conversely, the elevation may be determined if the value of the par- 
' allax can be correctly measured on the photographs. — - The measurements may 
3 1G be made in 1 conjunction with the stereoscopic treatment of overlapping p photo- 
ope graphs; if the pictures of the common area from two viewpoints are examined 
Ps stereoscopically they are seen seen as one, ¥ with ground forms, buildings, and othe fi) 
sae objects in relief, In aerial stereoscopic photography, parallax may be defined 
the difference in distance between two pairs: of conjugate points (images) 
A due to the difference in elevation of the two corresponding points (objects). 
For convenience the 2 representation of of parallax x in Fig. bi is in some respects @ 
special case, but the relations deduced may y be ge generalized. a Thus, the point, 
A, is shown | as above the datum Plane, but might have been shown below, in 


which ‘ease, A A, C, would exceed the difference, A, 0, — Ay Cy would 


be negative, and for a minus Caton the value of the canal would . 
negative, as it should be. For a point in the datum a plane t the elevation wool 


zer0, and likewise the parallax, for the difference, A, 


Again, for simplicity, Fig. 5 shows relations i in a single — it vie 

. a section through the two vertical positions of the a: axis of the lens. The effective 
es = ‘movement of the aeroplane and camera between the two exposures has been 
in this plane; regardless of what lateral ‘movements | took place between L, 


and Ly, the mathematical result is the | same as if the , center’ of the lens had 
‘It 


along the line, Ly , which, ‘therefore, may be called 1 the line of flight. 
j PA 
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AEROPLANE TOPOGRAPHIC SURVEYS 


of the points, and and the, conj conjugate image, 


parallax measurements between the two plates are parallel to such 


‘ines pes. In c other words, although i in Fig. 5 the point, A, and the lines oa it are i 


= in a the vertics ica al plane ‘through t the | line ae of f light, they m may _Tepresent- 
if equally: well projections on that plane of similar points and lines 2s located else- 
“where. e. Thus, if A is ‘such a projection of an int, of equal 
situated | away from the vertical | plane: through the line of flight, L, A is such 
‘ts projection of L, A’. If the line, & A’, pierces the datum plane at AY’, ee 
projection of AY’ on the vertical plane through the line of flight must lie in the 


‘ertical pans in the datum ee in the incline plane of the triangle, 


Horizontal! Plates 


7 on 


fous ob boa 


Jedi 
cz od: —BxAMPLE or bebiota od ot ei 
of A,’ on the vertical through the line of flight and, similarly, 
is such of Ay, the point where the line, L, A’, the datum 


any point having the elevation of A, the thonisdit of “the difference i in n distance — 
between ‘two p pairs of conjugate i image points due to the difference in elevation 
‘of the corresponding object points”, provided these distances and difference 
ake measured parallel to the line of flight. That is, parallax val alues as b 
defined are re always to be ‘measured to the ‘of for a pair of 


This i is not. the a of all the p photographic 
a few points a1 are men mentioned ‘that assume special in ¢ con- 


e ‘plane, Then, A, A, is the projection of A,’ A,’ and is again for C, , and for ~< es 


ugh 
The 

tea 
we 
— 

mid 
ibe — 
ibe — 
nts 
een 
had 
ght. 
the 
— 


One requirement is that the base carrying the negative eniulsion shall 


aa Hat or 80 nearly « a perfect ‘plane as not to cause errors rs in highly refined i meas 


little has be een said cor neerning this featu are his funda 
ad’ wh ic at error, is quite impossible of correction. 


n.—Precise measurements have disclosed errors to the of ‘film, 
which ‘make it inappropriate ‘for the puthose of aerial mapping. Various expe 


if. “many instances. frees the gelatine emulsion locally from its celluloid bese 
patches, adding further errors ors the general shr rinkage that takes 2s place. 
eo Even without separation or “creep”, the shrinkage is uneven in different ie 
tions. To. quote M. André Carlier again, “However, we must state that at 


Se present for all work requiring great precision it is necessary to use photogra a 


; (Carlier'’s conclusion is the more significant because he might 


4 


expected to have a partiality. for film d due to his experience it in the 
war, when he was in charge ‘of aerial photography atthe front. 
fox Plates. —The emulsion does not creep on glass plates, nor do such lates 
in development. Ordinary photographic plates, however, ma may y have ¢ 
siderable curvature, often as much as 15’ of arc. No means is available to 
ie j _ correct the e effect of this in a single photograph | or to avoid its s cumulative effect a fe 
in a series. The use of flat plates is, therefore, essential. 


a The engineer, accustomed to to terra firma for the legs o of his transit or r plane: 


— 
4 


that has proved most is s due to this lack of 
: Overlap.— Adjoining photographs must overlap. Overlapping is i 


a gap is to be avoided as it is impracticable to take the s photographs s so as jus just 


eee ; to join end on., For the best mosaics, it is needed so as to permit the outer e. 
; portions of each photograph to be discarded, as already explained. Iti is neces 
‘Sary in order to orient each picture with reference to those adjoining;. for this 


purpose the two images of the same thing on the two views are utilized. . Over ¥ , 
is also needed s so as to permit the stereoscopic treatment of the pictures. 
Be i - Although overlap is essential for these purposes, it alone does not attain 
‘them. _ Overlap will, not eliminate variation of ‘scale ‘nor assure a correct 
Tilt—Ground. slope is not the only important cause of the variation of 
in the photographs variation is caused in practical operation. by the 
3 changing inclination of the focal plane. Air pockets, wind 


“Cependant, nous devons dire l'heure actuelle, pour tous les travaux exigeant une 


grande précision, il faut se servir de la plaque photographique, 13 
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AEROPLANE TOPOGRAPHIO 

* illustration of some‘ of the results. It a: 
through the axis of the lens of a tilted plate, and’ shows also the position ‘the ~ a 4 
plate would have taken if it had been ‘horizontal over the same Position ¢ of 
ia Tens, that is, the axis of tilt is ‘normal to. the. plane of the diagram through. the > ee 
position; of the lens. The trace or intersection of the horizontal 

tilted planes of projection is likewise a line normal to the diagram through 
the point, m. For convenience of illustration, the angle of tilt\as shown is ii 

excessive, but this does not affect the principles involved. interval of fi, 

3 - For the horizontal ; position of the plate, the optical a axis is vertical, inter- r 

-copting the ground at V, whereas, for the tilted position, the optical axis is ze 
swung through the angle of tilt and intercepts the ground ¢ at very, different 

‘ pny C; that is, the centers of the two negatives will receive images of dif- a 

4 - ferent ground points and the distance and direction between them will vary ¥ 

"with the: ¢ varying ng degree ‘and direction’ of the tilt. ang the Tength 


9 digas! Inset 2 diiw 


x 
= 
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The areas’ photographed will differ accordingly. light rays; such... as 
ve L, reaching the horizontal plate will not reach the tilted plate; some r 
= as A L, will re ach the tilted plate, | bu ut not the horizontal plat a: ezotild 


ensions, such as MJ, will have’a greater’ image ‘on the tilted plate than : 
?: the horizontal; and the opposite will, be true of, some dimensions, | such as 


4 7 B, The trace of the horizontal and tilted planes of projection recéives the 


same light rays in either case and the photographic scale in that one line is 
“The ‘axis of the tall ‘position pierces 8’ the plate it in 
Optical ‘and the: same light ray ‘intersects the tilted plate at 
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TOPOGRAPHIC 


= Le, ‘and hence the right triangles, 
equal; that and v’ » = cc’; hence the the right triangle, 
wv mv and eme’, are equal and = em. Therefore, the right triangles, 


Leviovai epiaiosiia aft 

1 a 7 

Angle m L v = Angle m Le 


Da the tilted plate, . is the image of the point on the ground vertically’ below 
rapt ‘the lens, ve is the image of the line ‘connecting the vertical point with the : 
optical center, and m is on that line at a distance from the center, 


whereas, the distance from 1 the optical center vertical po point is 


co = f tan 6. For small tilt, such as commonly occurs in practice, " tan 6 is 
plates. M. lo the wor sigaijesnt 
hg virtually twice tf tan q % that is, the point, m, is virtually half-way be 
py and c and hence it is sometimes called the mid-point. — Thus, for 2° of tilt, 


= 10 tan 2 0.3492 in. 


_ The displacement of images due to to tilt is outward from m in the part of ; 
the tilted plane above the horizontal plane and inward toward m in the part 


below. _ Thus, for any image, formed by ray, Jj, at an angle, 


ent oute 


order.to 


These values are in terms of dimensions on the photographs and must 
multiplied by the scale, —, to determine the corresponding; oo 


i 


the round ordatumplan oft dongy ak ‘Ge 
few degrees of tilt, a negligible involv 


6 = tan 6 and the equations become: Bina 

auil dad} at d= f [tan (a + 6) tdgi 
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— mee ial displacement of the points, ag 
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it a height t of 12000 ft., with a lens having a focal length o: of 19'in., heobiiltiy 
‘a veale of 1 in. = 1000 ft., i in the case of a point so located above the mid- 


s point that « = 25°, a tilt of 2° would caus cause a horizontal displacement equiv- 
Serious errors al result “im determinations | of elevations from 


“3 ied Plates. | Thus, if the plate last defined were used for parallax readings — 
in hare with ‘a horizontal ‘mate, with an exposure interval of 3000 ft., 


or a base of 3 in. on the plate, the indicated elevation of the point, B, _ would 

ft, in the difference i in elevation between ‘the two poi nt. 
ag From the ‘equations it will be noted that for a given s pan the displace- 
ment in terms ¢ of ‘ground surer ements is proportional to the focal length. 
4 us, the device of flying at a greater elevation and i increasing ‘the focal length 
proportionally s as to retain the same photographic : scale and reduce the dis- 


‘Bltcement of points ‘that is ‘inherent ‘in the conic projection of ground ¢ éleva- 


Wik too high, that of the point, d, 17.5 ft. t. too low, or a a: tal error of 37.5 4 


Vew sli 


causes. (ground ‘relief and he: a given 
fete scale any ; change i in flying height and focal length will decrease 
he error from one cause and increase that from the other. 8 ob 


1 
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ERRORS PRODUCED BY. 


ON PROFILE 
Fig. the displacements i on t the 
‘thea The ground is here assumed to be level and four points, 
C, and D, are projected on the horizontal and tilted Phot 
1 and 2 at the le “The displacements on the tilted photograph are 
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4 radial, At the, upper. right, corner are shown. the two photographs superi 
posed. so ‘as to “make 1 the two images of f the point where the axis of 
second, photograph. intersects the gi ‘ground, “surface coincide. ‘Because of, the 
> tilt some © of the points displaced outward from, the. center and ; others 
Variation in scale due to tilt. ‘alone is "illustrated in Figs: 6: bt the 
common condition is that this is combined with dis splacements d due 
tion other factors in uncertain varying amounts. diagrams 


show the elects i ina single plane or direction; like effects occur in Planes 


4 


and directions. _ Thus, the results i in the photograph are complex. The a 


bight nol 
= of tilt to the other | causes © of changes in Seale is a complication’ ee: has 
- caused much difficulty tot those attempting the translation of the photo —_ ce 


ta into ‘maps and has b een, the undoing of many such efforts. 
ie Farnest endeavors have been mad to prevent tilt—to avoid at the source 
i ae the variation in scale from this cause. All such experiments with which the 


rates writer is s familiar have served at best only to minimize e it, The camera may 
be suspended above its center of. gravity 50. that ‘any tilt from the Fertical 
immediately, the force gravity to bring the. camera back, buf such 


"posure; Another simple device that suggests itself isto attach, 
ee on to the camera and to exercise positive control over its position in. acco “i 
with their readings; or to photograph the bubbles with the picture as a record a 


of tilt ‘and as ay guide for its correetion. The difficulty, ‘of this device is “that 
bubbles. th themselves are seriously affected by the accelerations and deegler- 


ations of the aeroplane. ‘Their readings are useless for accurate ‘work, 
__ Gyroscopes have been used, but in the extended experiments _ with which 

‘writer is familiar proved insufficient. Suspended pe pendu- 

es Be sc they tended to keep the camera vertical, but the corrective action was 

too slow ‘to preclude tilt. ‘Suspended neutrally, they tended to keep the camers 

af a  inap accor to their setting, but means were lacking Pig making the 

‘setting precisely horizontal. In an extended area, precession becomes an | appre: 


 giable factor, that i is, the gyroscope returns to a position parallel to to its origina a 


setting, without compensation for | curvature of the earth. 
of Lens.— It has been shown that the photographic scale, 


or focal | Aength, the s seale, ferent for | each different ying height; 


bai the importance of maintaining as near as may be a constant elevation of the 
=a aeroplane while photographing so as to avoid change of scale between over- 
a lapping vie Changes of scale ‘due to this cause combine with | the ‘effects. 
of tilt and ‘ground relief, and require correction in converting the photo 


<a. 


Transforming formula, for. scale, H H 8; ‘that is, the flying 
height necessary for a particular photographic scale is found by multiplying 


the latter by the length of the camera to be used. As H varies, im any 4 


ies 
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elevation appearing in in the individual picture or mosaic. 
=i Speed and Drift. —The speed of a plane in still air is partly under - the! con- 


a trol of the pilot, through his control of the | ‘motor and its fuel. _ Speed is also 
FY affected by the velocity of the wind with respect to the line of flight. If the ge 


fight is wi with the wind, the speed of the Plane is ‘greater | than it would be | an 
still sir, If the directions of flight and of wind are “opposed, obviously. 


oe 


‘speed of the plane is -Feduced. Under working conditions, the net or 


Gy “ground speed” will ordinarily v vary between ab n about 60 and 120 miles | per hour, 
or roughly between 90 and 180 ft. per sec. If. the’ wind crosses the line of E: 


fight, the plane must be pointed so that the fesultiint of the forces carries 
it in the desired ditection, wen 


Ordinarily, flights in a strong wind will not be made, but to compensate 
- for any cross-wind | the plane must be pointed ata slight angle from the line oo 


of flight and the camera should in turn be swung back through the same angle; a 
otherwise, a strip of pictures presents a serrated border, as indicated in Fig. | 8. ye ae 


tat 


Tt is is not imperative that this effect be eliminated, but for convenience and ae 


\ 
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sol 


als Between Exposures.—The frequency exposure depends on the 
of the useful image, focal length, height of lens, overlap, and speed of 
‘Under theoretical conditions of level ground, with drift eliminated and 
- Photographic plates in one horizontal plane, if successive images were just to 
iy join end- -on, the distance, d, _ between points of exposure would 1 equal the ground = 3 
dimension a a ‘single photograph in the direction of. flight. the length 
useful image is its width, w, and the 
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"AEROPLANE 1 OGRAPHIC ‘SURVEYS 


‘Overlap is a direct reduction of the interval. If the is expressed 


as a decimal, d, , the ‘advance i in ground pictured for each overlapping view i, 
brag 


and if the net, or ground, speed of the is g, ‘the time interval 
ov rlapping « exposures is, ru alo! bea 


Thus, for a speed of 60 miles per hour, or 88 ft. per sec., an elevation 
of 12000 ft.. with a 19-in. lens and an image 8 in. in the direction of flight, — 


Number and Area Overlapping Exposures.—For a strip of pictures 


tending 1 for a distance, D, ¢ on the ground 1 the number of plates or - exposures a 


Thus, for a 1 flight as in the ‘ uaedthad example for a distance of 10 —_ or 


N= 


would be 6000 X 52800 = 316 800 000-sq. ft., or 11.44 sq. miles. Simple 


s3 ‘computations o of like nature will give the number of exposures 1 needed for 


e various distances, focal lengths, and heights of lens, to cover any combination 
of overlapping and tributary strips. r The theoretical numbers thus found should 
be slightly increased to photograph the small excess area necessary to ay 


aa the views will have at least the needed overlap and total area. 

wily: hos Optical and Mechanical Requirements 

“Instruments of precision are the foundation of surveying) 


engineer of to- day takes his transit and level for granted, yet all his’ work — 
of triangulation and precise leveling, his comparisons of ‘stadia and plane- 3 
ne table, his other elections in methods of control, n mapping, and location, ‘rest ; 
on that little group of instruments that exercise so saaouaid an influenté ¢ “2 
his work. The development of successful designs ¢ of the engineer’s — and = 
other years of ‘painstaking effort. i 


Aeroplane topographic surveys call for new instruments of precision. - They 


Ame «are a8 essential to the new art as the transit and level to ground s surveying. 
Beast The design and construction of such new instruments, to equal or exceed the a 


> old in their accuracy and to meet the requirements of p precision and ] prac: 
es workability, present a rnc demanding similar effort and skill. Under x 


instruments for accurate aerial the determina 
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removal of tilt, Lge the interpretation a1 and conversion of the conic projection om Fim 
The camera should be at least as as the transit. J As film is to 
avoided, a ‘plate’ camera is needed. To “permit sufficient: exposures on a 
single flight, magazines for the plates are required. The instrument used to < 
“horizontalize” the plates must be essentially a photographic projector, with 
provisions for tilting the negative and cx copy board. The instrument for inter- _ 
pretation of the photographs must include provision for refined measurements bas 
of the displacements already mentioned, so as to determine the effects of tilt and a 
change of elevation. all the instruments, the lenses should be as free’ 
am from distortion, the different elements should | be truly ‘concentric, and, 
in general, the optical devices should be of high pre: precision ‘in design, assem- 
= bly, and adjustment. A partial description of the instruments that have been 
designed and used for aeroplane topographic g in connection with the 
method under consideration, are here given. 938 ada 


Reference hi been to the mosaic ‘of “the World be 

a War. Such a a composite picture has many peace-time uses, including the pre- of 
liminary consideration of rights of way for electrical 

: ian and other lines ; general studies of f drainage basins, tim timber holdings, : and a 

sb large areas; and city planning, tax ‘assessment, and municipal zoning studies. 


Compared with maps made by old methods, the mosaic offers a mark 


an One great 2 advantage is speed. “It is possible to obtain in a ele” ays a 
‘mosaic of an area of such size and character as would ‘Tequire months or even e 
_ years to map by old methods. Another advantage is its wealth of detail. ‘Time 
an ‘expense be he sharply the lengths to which the topographer can go in 
measuring stream meanders, timber outlines, ‘and other details ; conventional 
signs limit what the cartographer. can show; but the camera gives a picture ee 


_ of the whole. While the transitman locates a point or line, the camera records ate 


__ The weakness of a mosaic, fatal t to its use as a ‘ substitute’ for the engineer- Pe 


Wain’ ts component parts are sata throughout to irregular ‘changes 
a of horizontal scale due to ground relief and tilt, as already noted. The as- eee 
i sembly of these is an n aggregation of the loca local I errors, , and offers opportunity for & sae es 
a additional mistakes i in orienting the fragmienta and fitting them ‘together. 4 


the ground and vice versa. Thus, the mosaic has been called “a caricature of 
An method of merging overlapping prints into mosaic form is to 
Bes superimpose conjugate images ¢ of two or or r more sharply defined po ints or r features, aa 


ma 
2 tear or cut through the overlap, and waste the excess fragments, continuing 
the process with adjoining pictures to the limits of the area. Errors of 


tation of elevation. Thus, if one point ‘used is in the 
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ae photographer. The area to be mapped is traversed i in straight lines represent- 


datum, plane and the other a high point, the remult 5 is. as if the ‘second pia int 


had been rotated about the first point ‘and out of correct position an amount 


a : dependent on the elevation or resulting parallax. of the second point, 


ae. Of the seale variations or errors in mosaics, , those e due to ) tilt t can n be elim- . 


if the tilted negatives can be Te- projected as to be‘ “horizontalized? 


usually 
to ground relief, r remain. _ The latter, being inherent in . photographs, are 
‘inevitable in mosaics. They can, however, be lessened by shortening the in- 
_ terval between exposures, thus ‘increasing the ) number of photographs ax and ree 
stricting the fragments. noid to. smaller / areas about the center points s of the 
pictures. They can be lessened and localized if the centers of the Pictures 
can be correctly . located by platting and the fragments oriented ; but the difi- 
4 culty has been to identify precisely conjugate images of the « center points. — 
ae event none of these devices supplies a real map because of the lack a ver 
scale and the inevitable variation in in the horizontal scale. If the centers 
the pictures are ‘correctly platted to. a chosen scale. and poh oriented, 
ie photographs of ground between center points will have varying scales for 
different elevations of ground, and in trimming - adjoining agg some ° of the 
will not be shown will be in mosaic. 


lapping ‘aerial photographs on glass” plates. Suitable pairs of Pp 
examined stereoscopicaliy, and the tilt is determined | and overcome by oe 


Contours are drawn on the plates all data s are converted to ortho: 


ca graphic | projection, with such constant scale as is desired on the final a . a 
By means of these successive steps there is produced from aerial photographs an 
accurate contour map in the usual form of f tracings and blue-prints : as long used 
by engineers. _The_ ‘instruments | and technique used have been developed 


through continuous research since the conclusion of the World War. 


a __ The first step in the method under discussion i is to secure a series of over: 


Operations 


4 


Flying. —Aeroplanes of various types are used, , according to. the ‘require 


ments of flying radius, ceiling, and weight- carrying capacity. Ordinarily, 


_ field | base is. established near the area under survey and thus the flights are a 


AS 


a not 8 sufficient to, tax th these requirements. A two- -man crew is 1 used, pilot and and 


4 


ing photogrs aphic strips, with overlapping strips and tributary lines as needed 


cover the : area with a sil ‘sin aple network of nearly straight lines. 
_ The effort is to ‘fly on an even keel at a constant height, usually approxi- 


000. 10 000, or 15 000 ft. If it is necessary | to determine the best 


program for covering the : area under survey, a preliminary "reconnaissance — 


flight is made for that purpose. 70, to a yourdé: 


_ Photographing Overlapping views are taken with interval, between. 


a 4 exposures fixed 80 ‘that each - photograph will include the center point of any 
adjoining p picture. Because of the inadequacy of film and of. the curvature 
Bikey to exist ordinary ‘photo raphic plates, ‘only, flat glass 
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are used. secure a recast of sufficient aceu: accuracy and extent without excessi 

s fiying, a a magazine camera of special design is used. Its details and nce fl ae 
83 * iow are esuch : as to handle glass plates easily and rapidly, producing overlapping ate 
4 photographic views of such character as can be utilized in the special apparatus — 
necessary for the | later processes. 
g Promptly y after each photographic | flight, the plates are developed and the 

prints | are made and examined to assure that the desired area and overlap 


: interpret the data recorded in the photographs some ground | measurements are ah 


made, but: they are merely 'emall fraction of the work that would be involved 
‘ground survey for comparable results. For horizontal control, an isolated 
HA base line, preferably. about 3000 ft. in length, is measured at a - convenient ps: 


: - location near each end of a network of photographs, and every 15 or 20 miles 


ina long series. For vertical control, differences of elevation are measured 


on the ground for several points that appear | on each plate; the distances be- 


at 


$o ‘Fa. 9. —Fim Ponts FOR OVERLAPPING PLATES. 


sail ai vistereqoa dove gaitd oft boas 
._ Points used for horizontal and vertical control must be identified clearly re 


at not only on on the ground, but in the photographs. _ Sharply. defined points are 


f 


a 


selected from field prints of the photographs by u use of a hand stereoscope. » AL . 4 


- though there is considerable latitude in the location of the points, the effort — 


the scale, 


A 


fay" 
lim- 
» ate 
9 
by the survey, a preliminary mosaic is used to define this area: 
as 
difi- — 
ated, | 
— 
| 
&g 
and 
rox re. line through the center normal to the line of flight. For an overlap exceedin ae 
best one-half the picture, this means that nine such points appear on any particul = 
sance ry oe Photograph within a strip, and that six of the points may serve also for adjo = 
ing photographs as indicated ideally in Fig..9: Thus, the number of fiel 
ween “a Ba per ‘Square mile depends on the size and shape of the area as well a 
We photographic scale. S, equals —, an increase of the flying height 
lates -* a decrease of the focal length lessens the number of field points required = Pe 


Re gt per square mile. ‘Bora a flight at an elevation of 10000 ft. with a lens of 8 i a 
a = a focal le length and a 6 by 8-in. . image for three parallel strips of ten en plates a 
a ee iS and an overlap of 60%; there would be 50 field points in about 22 s q. miles, or oe 
about 2 per square m mile. tan eh 
Centering N optical center of each plate (negative) is 
This operation takes little time and consists of 


| 


_ join the fine. marks it carries as a result of pin-holes in the aperture | wee 


gf the camera. A short mark along each diagonal is cut in the emulsion he 


tre, ing an intersection that marks the center of the picture. The accuracy o>: 


enhanced by 1 use of needle points, razor edge, and magnifying glass. 
From this negative plate @ positive is made by direct projection and used 
in subsequent operations. e glass positives carry” all the attribu and 

markings of the negatives, including the center points. 
Stereoscopic Examination —The Measuring stereoscope, shown in Fi ig. 10, 

consists essentially of systems of lenses for the stereoscopic examination of 


7 


photographic plates mounted on turn- -tables, with provisions for passing light 
. ae Ae through the plates from below and for certain measured ‘movements in the ae 
a plane of the turn-tables. These movements include the rotation of each on 
_ about its center, the Movement of one t table along the line joining their —_ 3 

and the joint ‘movement of both along that line and normal to it. 
a ; i fs: ex In Fig. 10 the lens housing and eye-pieces (a) appear at the top and 4 
Paes pair of plates (b) appear on the turn-tables below. Hand- ‘wheels control the 


ar 
various motions. Lying in racks against the front of the machine m: may 


pee seen two rules (c) made o! of glass with metal frames. _ The glass parts contain 
horizontal and vertical -cross-hairs carefully set in the long and short axes 
P _ The rules fit recesses provided for them on the turn- tables ‘and the inter- 


— 


: ah ‘aie cross-hairs of the rule then mark the mechanical centers of the tables. 
te _— These are used to bring such centers separately in line with the optical axes 
of the stereoscope. This adjustment once made need not be repeated 


the machine is disturbed for some reason. ody is, 
4 


a The two positive plates under examination are placed on the turn-tables, 
separately centered under the cross- hair intersection of the eye-piece 


aa ‘This adjustment once made need not be repeated until a new pair 
«of plates i is mounted on the tables. 

a The tables are ‘rotated so as ‘to bring into alignment the four’ points : 
ot ‘the plates marking the two views of the center point of each plate. This 

involves identification on each plate of of the conjugate center or image of the 
= “ “center of the other plate. This can readily be approximated by observing ‘the ee 
picture vent with the naked eye, and can be accurately done by stereoscopie 


re 


3 
: 
4 
3 
4 
| 
4 
2 
air of plates is mounted on the tables: 


he ‘center of | one > plate a and the conjugate image on the oth 
separately centered under the eye-pieces. The bed carrying both turn- tables 
then moved laterally (along the line ‘of flight) until on the first plate the a 4 
4h image for the center of the other plate is centered under the eye 
Sa piece. ‘The e other eye-piece v will then not be over the center of the other plate. , 
ts In other words, due to parallax and other causes the two images of the ll . 
between centers of the plates will usually be of different | length. The microm-— 
eter dial (d) measuring ‘the amount of divergence between the plates is set at 
i The other plate is moved independently until it is centered under the Risse 
piece. The micrometer ‘reading will then show the “spread. Ordinarily, 
will not be due solely to the ‘difference in elevat ion but 


ill involve also the factor of tilt in one or both plates. 


ight 

>: ss _ Similar parallax readings are taken for the few salient iabate previously 
mentioned. The correct (computed) parallax values based on the known 0 

 dlevations | of the selected points as measured on the ground are compared ' with 

the readings. The differences, their direction (plus or minus readings), and 

- their distribution over the Plates indicate the direction and amount of the tilt 

» Re-Projection. —With the tilt determined, each plate is “horizontalized” — 

f necessary b re- Projection. For this a machine is used having the usual 

Aacilities for re- projection of. photographie plates, with special provisions for 
. certain measured or controlled movements . The frame carrying om plate to 
be projected can a be rotated about its cen center, m 
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plane ds the ‘plate, and tilted about a ¥ vertical or axis 
center, "Another frame carrying ‘the plate to receive the has like 
= 


latter frame a ground-glass plate is with and 


4 i y The plate to be projected i is ‘put in position and its ‘conte is  broug t pre- 


ity into line with the focal 1 axis of the lens. It is then rotated ta % 


ag if 
‘center until ‘the conjugate im image of ‘the center ¢ of the other plate i is bro 


7 ‘into the. horizontal Plane through the center and focal axis. - The ‘tiltin 


‘tions are then. manipulated in the direction and degree indicated by the. differ- 
= em ences between parallaxes already | computed from known elevations. and those i 
indicated by the preliminary stereoscopic examination. This adjustment js 
divided between the negative and the ground-glass plate so as to keep a 
aa. focus throughout the view, and then the ground-g glass plate is is removed, a sen- ae 
sitive photographic plate is substituted, and the re-projection made. The plate 
as ee thus secured will approximate very closely the result that would have been g i Ls 
obtained had the original a¢ aerial exposure been made. on a horizontal plate. 
5 various plates needing ‘correction are similarly re- -projected and the 
accuracy of the ‘results is verified by re- “examining the the plates pairs on on 
4 the s stereoscope, comparing anew the parallax readings with the known 
allaxes for the salient pointe. In rare cases a plate is re-projected second 
time for g greater a -aecuracy. cy. On the e other hand, an “original plate is is at times a 
such a close approximation to the horizontal as not to require projection 
at all. Thus, finally a complete series of overlapping views on horizental 


planes at are obtained which are used in subsequent steps of the précess, a 
Contouring. —Two plates representing overlapping views are mounted 
the stereoscope, centered and aligned as previously described. Starting with a 
dow point of of known elevation, the spread b between the he plates i is set to cor 
oe ¥ with the computed parallax for the elevation of the nearest contour line desired, 
plates are then moved together and observed stereoscopically until a point 
located under the centers. of both eye-pieces, that is, a point having such 
parallax. This i is a point on the desired contour and is marked with a special 
= Pencil on one plate. Sufficient other points are similarly 1 located to build 


the contour line on the 1e plate. The computed parallax for ‘the desired contour 


interval is added to the reading of the machine and the next contour line # iy q 
located and drawn. This process is continued until the area common 
to the two plates is fully contoured on one of them. The plates are then * 


and the pencilled contour lines are drawn through 1 the 


ij 


he This process is greatly facilitated by the stereoscopic vision of the pi : 
The cross-hairs seem to lie the ground surface when a correct poitit is 
"brought under their interseution . In case of a point too high the cross-hairs 
seem: to bury themselves in the e earth, and in the case of one one too low they. 

telief seen through the stereoscope, the skilled operator in practice can quickly 
‘contour line. Fig. 11 shows a ‘plate 
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form scale. The scale varies, however, as between the different contours, but 


the scale of any contour line can be modified as desired by menlng each point 
ie To control the drawing, the centers of the pictures nd « other lected 
points are plotted separately. |For selecting the control ‘points the photo- 
i: plates are examined i in pairs on an illuminated glass table and: com- 
mon images, sharply defined and located toward the edges of the plates, 
chosen. ‘At least six points are marked on each plate, usually more. For the 
containing the base line measured o n the ground the plotting points 
a include the ends of this line. The plotting of the map commences with the — _ 
base line. _ Its known le length is plotted wit with great care on drawing paper to the Say if 
scale desired on the map. The centers of plates including the base line are 5 = a 
- then located with reference to it by means of direction lines taken from each es 
4 ‘plate. These “ray” lines from the centers of the plates to the ends of the base 
Tine and to other plotting points are correct in azimuth regardless of the Bee 
changes it in n elevation or scale, provided the plates are “horizontalized” (cor 
rected to the horizontal), j just as horizontal angles or ‘azimuths read the 
transit are correct regardless of differences i in elevation, provided the transit 
is is properly ‘adjusted to the horizontal. Similarly, the “intersections of “such 
4 ray lines from the different plate ¢ centers serve progressively to orient the suc- 
ceeding plates and plot the various selected points. In this way, the pe points 
ee chosen on each plate are successively plotted, and, finally, the contour lines, Fe 
; drawn on the plates a: as already described, are readily transferred to the finished cay 
: “map » with such ‘corrections in scale ai as are necessary to o make | the final Pte 


= it marks a level hen and its conical ai projetion on 8 the horizontal plate h has uni- ; 


- obtained by them, giving expert opinion 4 from the point of view of the et ; 
the engineer, all of which _were entirely favorable. Practical work was 
then undertaken, and a number of surveys have been, and are being, carried } ne. 


a out. In all instances the results have been very satisfactory and the parties 
E for. whom the maps were made, or their engineers, have made highly favorable 
a reports. The maps have been compared critically with independent ground 
a surveys made by transit and other; instruments at construction sites or more ba 
generally over t the one instance th the aeroplane surveys 


throughout. In practice the contours are drawn on one view of each area 
to an overlapping pair. The process is continued with the plates 
4 pairs until by the aggregation of such parts the entire area, is contoured... 
Plotting and Tracing.—After contouring, the product is a set of plates 
gepresenting the conical projection of the desired area on horizontal planes 
Aeroplane contour surveys are new, but have been subjected to some 
tests. The originators of this method first sought an independent review of 
= 
hey 
— 


a error in the ground s surveys, ‘bat'in nd case 
tec 
In: 1921, the writer was assigned with other engineers to make 


‘amination of the theories involved and to check the results obtained. £15 
- of the aeroplane contour surveys studied was for a district near Media, a 


- 


Approximate area mapped: 10 sq. miles. an 


vad Character: Moderate slopes, small streams, much culture. 
Approximate elevations: 800; ; minimum, 87; ; difference, 


ae a Fig. 12 is one of the original ‘Photographs 1 made i in the Media survey and 


‘sta 2nitto fey ‘bavorg odt m0 howesom ontl 


to 


"ie 


in Miles 


t 


carefully checked by the writer. For this purpose, simultaneously with the 
ee ‘photographic survey, a a “stadia traverse, nt or transit survey, was made e using the a Fs 


ordinary instruments and ‘method’ This was not a complete topographic cur 


pal ‘roads, locating prominent. landmarks, and closed or checked on 
peo point with unusual accuracy; so that it offered a satisfactory ground a 
control ‘with ‘which to verify th the Photographic 
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: TOPOGRAPHIC SURVEYS 


“) Blevations 0 of numerous points readily identifiable were also taken ‘along the 

base line by use of a wye-level and side shots from the base lines wan were remade by % 

vertical angle readings with the transit. In this check survey ithe devel 
readings certainly, and d the vertical a angle readings probably, offered a ‘satis- 
factory degree of accuracy for the purpose of the check. od aon 

Comparisons were” made between the" maps from independent ‘sources, 

including the photographic work, the instrumental ground survey, and such 
other maps as were available. Study -and comparison of these disclosed the _ ae 
fact that, toa highly satisfactory degree, the photographic 1 map coin- 
c cided throughout with the instrumental survey. Such displacements as were 
S contained i in the photographic map w were uniformly distributed an and non-cumu- 2 


- lative, gradually melting out over long distances, so that the relative positions , 


In the 12- mile ‘circuit 0 of the groun nd traverse, elevations ‘were ‘determined 


hh the subsequent report the conclusion was reached that aeroplane contours 2 . 
could be located with the assurance that none would be in error ‘more than — 


% ft. The following is quoted from the report® dated June 4, 1924: ye “The 


_—-aecuracy with w which h this can be done with h mechanical. lix limitations of the Fs 


present machines i is a a plus or minus ft.” A 


In discussing the use of the stereoscope, the report continues: 


“The same results’ could be secured by different men familiar with the 
2 tial of the stereoscope, proving that the operation was a mechanical one 


influenced by the introductiod of the ‘Wom element.” 


Important improv ements subsequently ad "added to this process of 1 ce 


a ey re s from aeroplane photography, should - further increase ‘the d egree of 
ve . The theoretical considerations would point ‘to an accurac 


ft., plus or minus. obviously is a very -y high degree 0 1e8s 


3. ¢ 


‘#e Detailed checks were likewise made of two other surveys. One of these was rs 4 
the usquehanna River, ‘near Conowingo, Md., and the” other in’ the 
Green River Basin of the Blue Ridge ‘Mountains in North Carolina: ' The oe 
: “topography elev ations, scales, and other details differed, but the results dis 4% 
closed the same degree of accuracy. The wide differences in character of — 
; terrain 1 among the three cases offered an unusual ‘opportunity for checking the — 


y and sf, ‘the method to different topography. 


‘One the advantages. of is great ‘saving in 
: thi time required to produce maps as compared to older instrumental surv 
In the original field observations the aeroplane and camera are so much thore ; 
rapid than the transit, level, and plane-table as to preclude ee ll 
, plate correction, contouring, and other office operations connected with aero- ot 
a plane surveys” are also relatively ‘rapid and are susceptible of partition to mek 
makes for maximum speed. = an 
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This in time is marked for a large area of bold 
and forest cover, as illustrated in the Green River survey. To quote B:e oi 


ae a Faison, M. Am, Soe. C. E., the Resident Engineer who used. the e maps on mn that 


“Maps can be completed in progressive sections, as desired, and are in the 


urve 


‘Unit costs of aeroplane topographic surveys vary with numerous factors, 


ia among which the following deserve special mention 


; (a) Proximity of st nitable landing ground other facilities. 


— (b) Situation of the area, affecting the cost of flying or of transporting S 


aoe boninw (c) Size of the area, over which such costs must be pro-rated; 
Shape of the area, affecting th the number of of flying hours and photo: 


Character of the area affecting the labor to =. 


Horizontal scale, affecting both field and office proceléa ses. 
3 ‘Obviously, these elements cover a wide range, within which costs 

other factors, including the choice of equipment t (notably planes). 


gradually being accumulated and indicate advantages for the aerial — 


ieee in topographic surveys of large areas having bold relief and 


siderable growth of timber or brush. (Under such circumstances the ‘hee. 
available to ‘the writer indicate aeroplane topographic surveys may be 


made for a fraction of the expense required for comparable somalia by instru- Rs, 


-mental surveys on the ground. > In connection with many projects the grea test 
_ savings that can be effected by aeroplane topography are the indirect ones of 


; a quicker returns and less interest on waiting : capital by - virtue of the great 


= lengths of cameras. Detailed cost data have not been published, 


seers 


Pe 


saving in time and reduction of the non- productive period devoted to prelim- 


rd 


ing contour maps offer a superior basis for studies of water supply, power, ae 


gation, and other engineering projects. The ‘unusual ‘combination of speed, 


ee accuracy, and detail make the method ideal for use in comparing alternative 
2a plans for determining | the best plan of development. The maps serve for 


Shes 


ve 


‘preliminary location or project layout, for determining catchment 
* Be for capacity curves for reservoir sites, and for many other purposes for which a 
topographic maps of engineering accuracy and suitable scales are used. otal a 
Accurate maps can be produced by this method with horizontal seales 
200, 800, 400, 600, or 1200 ft. to the inch. Contours with intervals of 5 
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, or more, can be’ located accurately. For more aia purp. 
maps s can be be produced with horizontal penmece of 1 in. . to to + mile, or more, and 


Cr en T) of wel 


The advantages of this method are greatest in country of rugged topos 
4 raphy and rough | surface, but any type o of ground can be mapped by this 


means. The instruments developed serve with the same facility to reduce 


formati le m 
photographic information to truc-ecale mape in the ease of flat, rolling, or 


‘mountainous 1s terrain. Simple topographic shapes and the complex forms of i: 


‘erosion and glacial action are mapped with the same ease. _ Even a substantial 
: growth of timber or brush does not defeat the process. | ‘The instruments mag- 


th the > vertical dimension and even where the ground is quite obscured in 
7 the perspective view of a single photograph, it “may be clearly visible through- fey 
out the stereoscopic view. The contours of the ground surface are 


i) In this discussion of aeroplane: topographic surveys the attempt has been 
made to state some important elements of the problem which : any effort ata 


+ = | writer is familiar, th hat developed by the engineers at the Arthur Brock, Jr., ae Pa 
and Works, Incorporated, which is fully covered by patents 


olution must meet. ecessarily it sets forth the particular 1 method with which 


the general supervision of F. E. M. Am, Soc. E, 
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ows, it 1s the only me 
for its convenient practice. tar as the writer kn 
devised in the United States for the development of con 
iA _ the data recorded in aerial photographs, and the one such method of any 4 * ~~ 
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KE ON ABROPLANE SURVEYS 


Haroip C. Fiske," Am. Soo. E. (by letter)—The author states = 


ob ject of is ‘Paper Js to. acquaint engineers with a method of making 


accurate contour “maps_ directly from aerial photographs. “The p paper is 


_aecurate ‘and complete in, 80 far as it refers to _the one (and only ‘the one) ® 
ees ‘method w which the author has undertaken to ) present. It happens that, 80 fad as 
i is known to the writer, this method which requires certain patented apparatus, : 
is bps, - the United States only by the individuals ‘mentioned in ‘the Paper. 
her hand, ‘aerial photographs are being used successfully and exten- 
as ‘of the process of map making by numerous agencies, govern 
= and private. m methods used in these cases ate ones that” hot 


Rtas a measuring stereoscope nor even, necessarily, a tilt- -removing camer, = 
the results are, from ‘the engineering ‘standpoint of 


4 


may expect most gratifying results. Whether or not this 
‘method seems to be applicable in any ‘particular | case, here are others from 


ies choice may be made. So great is the value of - aerial a a 
a8 an adjunct to map ‘making t that its use should not be discarded un a 


teu ¥ 


J s ology sales agents of the various companies engaged in this class of work 


‘ay be: trusted each to o set forth in convincing « detail ‘the merits of the system 


a4 Ms used by his firm. ‘What seems to be needed now is not an explanation or a 


of the powers and limitations of ‘the aerial photograph. use ‘heed be 
i any 8 sense difficult or intricate, although if the amount of 1 map work to os 
2S done is large enough there is ample opportunity: to develop skill and to 
ae ‘utilize special methods for the elimination or minimizing of the errors 3 inherent Ana 
these and all other photographs, 
See Rs In approaching the subject | of the use of aerial photographs the | engineer 


comparison of these ‘different methods but rather a more general ‘statement 


« 


4 
a must formulate | clearly i in his own mind a definite opinion as to what constitutes tc 


a map and the purpose which it is to serve. Ts it a vehicle to express the skill a | 
of the man who made it or a | document containing data required by the reader eS 
in such form that he may understand it clearly and use it with confide ~ | 
Is there any object in in securing data and trying to incorporate it in a map ¢ 
ithe any higher degree of accuracy than | can or will be employed by the e user! ; 
Maps have been made and used for many centuries. Until about two 
hundred years ago they were all pictorial and the artist the map maker. 
ae The user recognized that the hills and streams s depicted were substantially F: 
the same as those in the vista before him. if this is picture guided d him to the 
general vicinity of his” destination he relied as a matter of course ‘on his 
- native intelligence to do the rest. The scaling of distances from. such a map 
probably never | considered. 1 In the Eighteenth ‘Century it was 
that the principles of geometry could be applied to map 
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_ jnstruments and greater skill larger areas were mapped and i in n order to i 


+ skill la 


Triangulation Station A to o Triangulation Station | B with an accuracy of 1 in 


due: to unskillful or inaccurate instruments, was 
_ peeognized and efforts were constantly made to improve both. With ee 


wa primary may be measured ‘with | an 
% error of less than 1 in 1000 000* , angles are read to seconds, and the ‘results ae 
= plates ‘that will not be e distorted by t err 


"Suppose, however, that the engineer to kno ow the from 


100000 and has before him the map on which are are shown these two stations. 


He knows that he cannot scale this distance with anything approaching oe 
4 accuracy an and if | the true 2 distance is not t printed on the map he must aa : 


- of the map maker, who does not think of sealing the distance from his metal _ 
anol 


Ci maps are possible e on y ‘because of the ultra-refinements that t have 


been devised by their makers, bu it is physically i impossible to carry these 


-ultra- refinements through “all the ‘processes of making to the finished 
a printed or lithographed sheet, Maps now have two distinet phases, 


athematical and the pictorial. : _ The mathematical map is a | tabulation — 


“whieh, even in high- -class_ work, cannot be shown pictorially. The map user 


surveyor. The map maker may spend days determining whether the distance 


to find its proper place in this, field some analysis. of such 1 is necessary. 


¢ “thinks of. the tabulation as such, and for him a map is a ‘conventionalized — 


picture on which he sees features of the landscape. On this map-he expects — he a 
to be able to use a seals with confidence in the results” but, perhaps outside 
‘daborate city surveys, he will accept an thes. is unthinkable to the 


between Triangulation Stations A and B is 133256 ft, or 133257 ft. The 
: ‘Map user will lay his scale on the map and say that the distance from Station eal ia 
to ‘Station B is 2 tiles : and will be perfectly satisfied when he finds that 


eas missed it by only a a few hundred feet. os hen this distance, from Station 


importance; if if it is ne needed only fo’ for the. pictorial, map, it of 


he For more than four years the writer has been “making maps by a method % 


that includes the use. of aerial photographs. Between. 2000 and 3,000 sq. 
5 miles have been covered and several thousand photographs have been used in we 


the process, All experience | to date points clearly to the conclusion that the be 


aerial, will never enter the field of the mathematical 1 map. Its 


 @ making. If the distances and angles of a polygon were measured on the ground | ne a 
the mathematically similar figure could be constructed on a much smaller - 
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on which all kinds of natural and ‘artificial have 
ela projected on a horizontal plane. It shows all the natural or artificial x 
— and such other detail as in any particular case may be ‘called for, 
a al ‘The map is ‘to be used by an engineer who has undertaken to lay | ‘out and eu 
supervise the construction of an engineering work, such as a canal, a highway, 
railroad, a storage reservoir, ete., involving the accurate knowledge of 
area of substantial size. With the map before him, the engineer will bite) 
general ideas, he will scale distances along roads or streams, the areas 
fields, lakes, ponds, or those bounded by contours at different 
: og If this map is to be made by the standard ‘methods. which do not include 
the use of. aerial photographs, two distinct steps are required, which have 
ring been designated as the mathematical and pictorial. ‘Under ‘the first 
gomes the establishment of the triangulation or traverse system for the control 
of the map. | Here the permissible limit of error will be 1 L in 1000 to 1 in a 
a 100 000, or even less, and the field work ‘is done by the ‘most skillful man men 
Re available ~ Such errors are much less than the width of the finest line that will 4 
appear on n the finished map. Distances ¢ can rarely be scaled fr from map 
oe o a degree of accuracy, and in any event the user has comparatively little 3 
interest in these few accurately determined point. #... 
the second 8 step, field work i is done, frequently, by men less skillful, than 4 
: those required for the ‘first: step. Ap plane-table and field sketching methods 
are used. Horizontal distances are measured by by odometers, 8, pacing, an and 
estimating. Vertical distances | are measured by hand-lev vels, aneroid barom- 
eters, and by estimating. The ‘odometer will give a limit of error of 1 in 100, 
or better; the pace, ‘an error of 1 in 100, or worse; and no one can ‘with | 
certainty dhimats distances to visible o objects with of only 1 in 100. 
are ic — contour work the position of an invisible contour is first estimated a 
img then the distance to this invisible os _ The result of this combination ‘of 
is often radically "wrong (as will be illustrated by two 
subsequently). the field work for the pictorial features of the ‘Map 
. greater than 1 in 100 or the width of the finest line on this map are the rule 
f. i. rather than the exception and the office draftsman in smoothing out contours, : 


bends in roads, ete., introduces | still more. In | other words, the pictorial data 


= 


= 


a are put o: on the map ‘with less accuracy than can be ¢ employed by the user. 


study of the methods of making ordinary maps will impress’ on the 
ue _ mind of the engineer three things: First, no matter ho how accurate | may be the 4 
hcee “f control, including the plane-table triangulation or even the ‘road traverses, the 

engineering detail which most concerns him i is that which by former 
sie is merely sketched in, frequ ently hurriedly, always (from an engineer's: stand- 
point) inaccurately and usually: incompletely; second, and of marked impo 
as: ance, no real check on detail is economically possible ble by for former methods; “a ; 

ahs ‘a third, while the map maker doubtless does well to preserve his truly accurate a 

eontrol on metal sheets, “where detail is concerned this is wasted effort — 
A Engineering drawings | are customarily made on tracing linen and reproduced "4 

on blue-prints, and map detail, as engineering recorded in this manner, 
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matters, but large 2 areas are involved engineer does a 
map as an source of technical information. The i inaccuracy 
3 


met engineers a project including an area bounded by a contour. This 
grea was planimetered from a standard map a and for ten years was accepted 
é a being 66 000 acres. Recently, this ar area was re-mapped by by a method including | 
- serial photographs and when planimetered again was found to be 28 685 acres. 
q Another project involves an initial investment of more than $8 000,000. Cer- 
tain possibilities were rejected by the engineers primarily because an area 
q teaptes | by a contour was planimetered on a standard map and found to be i. 
“at least 30000 acres.” This area as found from. maps prepared. _with the use 
a aerial photographs is 9149 acres. It is believed that all, _ including those 
who made the ‘standard map, wi will ogres that the area from. th the aerial -photo- 
graphic map is not in error by x more than 1%, or or 2% at 1t the outside. i 
This is not : a criticism either of the makers of of standard maps, | of their 
methods, or of their. finished product. Given. the same restrictions as to 
time, ¢ cost, and sathinin no engineer could have made a better map in these 
cases . Many business men will hesitate a year before they will give a wean J 
ler a $100 increase in pay, but will hand over $10 000 at an hour’s notice for 


ef oil well stock if the salesman i is ‘sufficiently | persuasive, Engineers: and ron 


men ‘sometimes seem to display similar traits. wastes: 


before equalled. a so far as the control . or general framework is re 

‘it, is probable that future. improvements can be 1 made only in matters of a} S. 

technical nature in 1 which the j Engineering Profession at large ge has little 

interest. In matters of detail present ground methods can produce results — 

f that will ill satisfy the most critical engineer but the cost involved i is so high that % 

me outside o of city surveys and some other analogous special cases these aatheds 

aerial photography, the methods and instruments now used are the a 

_ product of about seven years of effort by scientific men and many important — 

_ improvements are still to be hoped for. As matters stand, however, the ; aerial _ KenS. 

“photograph has already made an important. to the science oof 

‘Map making and this perha haps is one of more value to the Engineering P Pro; ai 
fession than to a any ay other. 7 “The camera | cannot supplant the theodolite, the 
transit, or the spirit level, and probably it will not seriously compete, with 
them; but the topographer with h his pace, odometer, and skill acquired with Pirie 
practice cannot compete for ‘a moment w with the aerial "photograph . He a 
not cease to exist but when aerial photographs are used he will be required ie 
to ‘Measure elevations for contours, check scales of photographs and such details — 


on them as 1s may be obscure, 1 too small to be identifiable, concealed by over- 


; 


—  _ gg 
— 
engineer does not use standard maps where details are essential but - 
— 
— 
a 
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— 
standard map making the methods and instruments used are the product 
about two centuries of effort by highly scientific men and these have made 
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FISKE AEROPLANE” TOPOGRAPHIC “SURVEY 


<=  < the detail is all wrong or is unreliable. A moderate amount of control Gi 3 
from ‘aerial photographs, sufficient in ‘many cases for the engi 
eer’s “needs, but their ‘outstanding value is the fact that « engineering detail 
ean be taken from them and added to the } map maker’s control within such 


limits of time, ‘cost, reliability as as to 


he 


aerial photographs ‘to get the photographs. engineering compaiiy, 
_ known to the writer, bought an airplane, camera, and photographic apparatus : 


and added aviators and photographers to its engineering staff. T 


graphs will be obtained by contract from companies specializing’ i in n such od, 
e and the maps will be made by the engineering company itself. Heb 1 
- Several | companies take aerial photographs, an nd most, if n not all, - 
ate also anxious to make the finished ‘map. “Whether an ‘engineer ould 
~ eontract for a finished map or make his own from photographs bought from j a 
others is a a subject still under debate. The writer prefers to “make his own own 
z be ‘maps but recognizes that the other method: would free his organization a 
a vast amount of detail work. In any event, the | , engineer should have a fait * 
understanding of the nature and value of the various steps involved. 
Tit is to be understood that by aerial or vertical photographs or prints are 
thea those taken from an airplane with the axis of t the lens vertical and the 
negative horizontal. ‘Maps can be made from oblique aerial photographs. This 
ae - method is much in favor in Canada because of special conditions obtaining — ; 
. there in the flat lake region, but there seems to be no ee to expect that F 
ty 


this method will be used extensively i in the United States. scale of the 
photograph depends on the focal length’ of the lens and the height at which 
_ the plane is flying when the exposure is made. Ordinarily, from a height of 
wae ft, the scale is about 12 in. to 1 mile. | Exposures can be made from lower 
elevations but most work is done from elevations between 5 000 and 15.000 ft. 
eg Commercial work can be done at 20000 ft. and experimental work has been os 
at 30000 ft.; but 15000 ft. is a good practical limit. 10 
4 dat ‘The ‘cameras used are manufactured especially for this purpose and bear 
about the : same relation to the ordinary camera as 13 does” a modern surveyors ig 
transit to the old-fashioned compass. High- grade lenses, color filters, and 
negative are among the features now standard in this work. 
~The company employing the methods given in the paper uses glass plates for 
both negatives and positives. Practically all others in private and “govern rl 
a mental service use celluloid base negatives and certain specified grades of 
standard photographie fp paper ‘positives. The reasons for this 
“follow from the fundamental differences in the methods used. ' 
a will be recalled that, in the method described in the “paper, @ moderaie 
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per of caretully measured elevations are required for each positive 


be contoured. ~The ‘element o: 
jg the fact that when the exposure is made the negative must either be aa 
“horizontal or, or, if if it is “not, must be so ) rectified that the ‘Tesulting positiv Es 
$s the same as if such had been the case. - This necessit; comes from tg 
fact that the m machine which | indicates the contours gives points of equal eleva- — hs 
tion above a reference plane | on the ground parallel to the negative at the oe 
moment of exposure. If this plane were tilted 1°, these elevations would be 
in ‘error by 92 ft. at a distance of 1 mile from the optical center of the print— 
an eftor which is of course far beyond permissible limits. be 
Emphasis is also laid on the necessity for the use of glass’ plates because 
of the danger of warping i n other materials to temperature, ‘humidity, 
the creeping g of the ‘emulsion. The measuring stereoscope ‘functions with 
two’ vertical prints taken close enough together to include the same area in pie: 
each, The negative is horizontal in each case but the exposures are made so me 
g close together that the areas covered by each exposure overlap by 50% or at) 
& more. It will be realized that objects on the terrain above or: below the 
reference plane have | parallax which is s different for th object 
of the two prints. ‘Also, if the exposure is made from a point 5 000 ft. 
or more above, this parallax or difference of parallax is small, particularly — Rey: bias 
$ for differences. of 10 or 20 ft. corresponding to the contour interval to Mm Se 
The ‘Measuring stereoscope is a device which measures, “not ‘simply the 
= parallax of a given elevation, but rather the difference in parallax ¢ of the same tae ie 
- object on two successive and overlapping prints. This difference is a minute $63 
quantity, observed and measured with microscopes and a ‘Inicrometer and 
fecorded by. the machine in terms of elevation. Such’ being the « case, obviously 
variations in photographic work, even maybe microscopic, must 


are measured on the ‘ground these small distortions of the negatives an 
prints are ‘much less i important and film negatives . are sufficiently accurate, as 
has been demonstrated to the writer’s satisfaction, in the work of | his office 
where nearly 13 000 film exposures have been taken. 
Turning now to other methods—these do ‘not require ‘measuring 
stereoscope and do include the use of film and photographie paper. Contours 
are determined by measurements made on the ground and all other detail is 
4 _ obtained from the photographs | ‘subject to s ‘such checks made in the field as 
may be desired, these checks being made when the contour work is in progress. 
¢ due to temperature, humidity, film creeping, ete., in the photographic 
! work x must be guarded against by skillful and painstaking wot work in the conte 
a graphic laboratory. 4 _ However, if to this step are > applied standards customa 
ins in other phases of an engineer’s routine work there is no difficulty in ciate 
im such errors within manageable limits. Although tilt is always undesirable and ~ . 
aviators | are especially trained to keep this to a minimum, 


tilt are better than none. 
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“hea The pilot is sania trained to ‘fly at at a uniform elevat on . and to follow 
ee a straight | course accurately in spite. of eross-winds, ete. te. If the elevation j is 
| constant. 60 will also be the scale of the photographs except for variations 
in the « elevation of the terrain bel below. De to this Senter ond to the unavoid- 


fy cleration and a straight course also reduce to. a minimum 

tendency to tilt. factors and the laboratory conditions a are 
.¥ understood by the firms engaged in this class of work and the engineer w e 

ge buys his photogtaphs may expect that due effort has been made to minimize 


ee _ When the photographs are received the engineer must constantly be bear rin 
mind they ‘correspond ‘to the plane-table sheet ts, which, » in the s stand: 
ard ground method, have been filled in around some form of control. Where ‘ 

ground sketches are used the location of a all ‘detailed information has deen 

| determined largely by , sighting, pacing, and estimating. The ‘amount and 

character. the, detail. shown depend on the judgment and skill of the 
opographer and his understanding of the instructions under which he is” 

_ working. Since no two minds are exactly alike, it is certain that he will, in 

ome measure include “unnecessary items or omit some that his superior wants, : 


- both. In addition, there 1 will be e errors, usually of omission, due to o the 


graph taken soon after the ground work was completed. In a square less than 
2 500 ft. ona side there - were nine reasonably ob obvious errors by the - ground 
‘men in the form’ lines of streams, the correct interpretation of which was s th 
object. for which the map was being made. 


ae is in the delineation of contours that the ground topoerapher wes th 


_ to prepare a vertical projection. on a hovisnael plane: of imaginary ry li 
‘slopes which he is able to view. with his line of sight, - making only a a 
angle with the horizontal. The writer’s conclusion is that, outside of city 

"surveys, the. nost skillful ground _topographer is unable to draw contours 


is 
accurately but ‘that they can be materially improved by use of aerial 
photographs end 1 a stereoscope (not necessarily measuring 


overhanging | trees, etc., or they r may be too small to be identified, but, otherwise a 
‘evel everything is there a nd the question | of. hu man judgment and the ability to Ay 


distances, etc., been wholly eliminated. In. fact, the 
— difficulty is ‘that there i is too much detail ; the engineer F probably is not 
: interested i in 1% of what is s shown. This i is why, in the g general case, @ -, xy 
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de from werial "photographs, which what’ i is 
the remainder, is to be preferred to the photographs themselves. 
-— esgential objects will be missing, first and foremost | of which are contours. The 
4 addition it will not be practicable to distinguish monuments marking property a ‘ 
- lines, telephone and telegraph lines, ete., while such things as church spires, 3 a 
gwets, high chimneys, ete., which may be important landmarks will be difficult et 
red sometimes impossible to identify from the photograph alone. Such items, ane 
| ho however, can be quickly ar and definitely lo located by a field contour party. ie 
<= The work of the ground topographer is su subject to the errors of the instro- 
‘ments used and to the personal equation of the man. The Bee 
to ‘instrumental errors but not to the human 1 equatian. There is 
case’ on record where in an important primary traverse the ground surveyors - 
inadvertently omitted 100 ft. and the map was completed without the , ie 
being discovered until it was checked later by . aerial photography. Tn the 
~— Tocation of detail, which i is the operation of} prime importance to the engineer, ie 
the human equation is the controlling factor. With the aerial photograph — i “ia 
this essential phase of the work is done mechanically. the finished map 
omits essential features they can be added later, in the great majority of cases, er, 
from the photographs* on file without going back to the field. 
~The chief. error of ‘the camera parallax” is governed by natural laws ‘for 
which due allowance can be made, and this can in no sense be compared with 
vagaries: of the | human equation. In addition, not only’ ‘do successive — 
exposures in the same flight overlap but adjacent flights are expected to’ over- 
tap by 50 per cent. The he practical result is that, in the great majority of cases, AP 


a a given ‘point ay appears ‘on from two to ten ‘This gives from two to ten 


‘photograph made inconsistent with the by tilt; and the mean of thee 

‘positions gives a reliable final position for the pdtht’ As a matter of fact, a 

prints have to be eliminated because of ule 
‘Having the photographs at hand, the engineer can proceed with thé 


run | level a nd then, with the ; the 


the te Meiodvido iat? s sketches, add detail from them and contours from groun 
Measurements as may be desired. If this method is followed, the amount of 


traverse: ‘may be greatly reduced by the use of photographs. 
ene shows that a single accurately located highway, for example, is 
sufficient control from which ¢ can be built up ‘the map of an area several ‘niles 
to each side. The accurate location of single po points (selected : so that ‘they ca can 
+ properly identified on the photographs) if spaced } mile to aw ee, a 

a 


will do as well: as ar oad traverse. If the the method of 1 radial control* is used, 


“accurate base lines about 8 miles ; apart are all that are . essential, although they : = 


are habitually obtained from the ground scale check of individual photographs — 


t much s smaller | intervals. we 


“There are ways actually to handle the photographs in 


pee 
q 
ag 
 ‘Struction Of his map along lines Closely analogous to those for standard groun 
| 
is much larger than that at which the field 


be used, of course, , whatever this relation is. this method the control be 
is first plotted on plane-table sheets, next, ‘the. photographs are propely ff 
ae Sh oriented, and then, by means of a pantograph, roads, railroads,. streams, ete, bey 
: aks are transferred from the photograph to the fie'd working scale on the e plane. pho 


table sheets. The topographer takes both this plane- -table sheet and the photo 
graphs from which it was prepared into the field and there completes the ‘map, : 


using: the photographs or ‘measuring on. the ground. as may. be most, advanta- mit 
ot (Pee geous. His work is all ‘done on the plane- table sheet and the photographs are and 
used only for reference. ‘This method has been used extensively by the § 8. obt 


Geological Survey. ‘gift ah oll” ot buh 
Be 2 ay oy _ The other method is useful when the photographs have been taken at the 
a a es same scale as. that selected for the final map p. It is applicable when the map ve 
a  seale is large enough for. photographs at the same scale to show ground features ~ 
distinetly without the use of reading glasses or other magnification. Thisis 
the method | used by the | writer, the map and photograph scale being 
15.000. this case, the photographic print itself, used as the plane-table 
oe sheet, is taken by the ground topographer into the field. His worl: consis 
oo, of checking the scale of t the | print, drawing contours, and reinforcing such - 
a features as may be small, obscure, or hidden by foliage, shadows, ete. |. “a. Be 
Ih the: first m method , contours are re located and drawn on the field sheets in 
‘the standard way with assistance as may be obtained fromm: the detailed 


information on the photograph. In the second method, the contours are 


A. 


ean be made by the average cabinet maker and costs only a few dollars. 4 


* There are now several companies engaged i in the business, of taking vertical — 
aerial, photographs and of making: maps from. them, To such companies 
a _ engineers: must look at. least for the first step in ‘the process, that i is, t the taking — 


= of photographs. F If the Engineering Profession. at large comes fully to. appre- 


located. and drawn on the photographs. themselyes*, Its. importance comes 
from the fact that since the contours appear on the proper, they ge 
ean be examined in the stereoscope a1 and thus give, first, a highly accurate 
method of determining form and horizontal locations of in the field; 
and, second, a thoroughly convincing office check on these two items. Prior 
the advent ¢ of the aerial photograph and its stereo oscopic use, ‘comparable 
accuracy in contour location in the field was possible: o1 only in expensive city 9 
survey methods and even then office check of f this. item was physically 
impossible. Now. both a high degree. of initial accuracy and. the office check 
ee are, possible at costs which should be less not only than those of city surveys § 
but also than those of the former highly inaccurate method of the sketching 4 
board, p pace, and aneroid barometer. . The stereoscope e needed in this 


ees, =e - ciate the value of this method and takes due advantage of it, these companies 4 
‘aes will be able to continue in | business and it will not be long before s such a 


graphs will be « considered an 1 indispensable feature of a wide y variety of engi- 


neering, studies, Cost, as always, will be an important item and, as in all 
other: business, this depends « on the demand. Quantity. production is of ‘ 
< trolling importance in the aerial photographic side. of and “costs” 
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te at the same time and from the | same base, thus 


equiv 
y the use of ~ 


Although costs can and should be lowered somewhat 


by 


obtained. The engineer is most interested in the information on maps. 


“Hleretofore this has been obtained and recorded by methods which have per- 

#3 mitted errors of any kind and magnitude to be included and to pass unnoticed eet 

and” reven unsuspected. ‘By the use of aerial photographs, details are now 
Obtained and recorded by a method that eliminates errors due to the human Es) 
- equation and permits instrumental errors to be minimized to any extent desired. — | 
At all stages, including that | of the finished product, there is a highly ‘satis. 
- factory check as to the accuracy of the work, particularly as it deals with — 


wh 


= 


re 


topographic 1 mape a guide to th ‘the planning. of exte 
such as water systems, roads, transmission lines, and 
tion works, has been appreciated in in recent years to a far greater extent than . ae 


i formerly. "Although most engineers. now w realize the desirability of a general 
topographic map of a high degree of accuracy as a preliminary to the detail 
study of engineering | works, the time required. frequently _ has prevented the 


construction of such maps. wig ot .otami bis 
E>: To some extent th this need is supplied by the Federal Government in ie 


~~ 


or 
general topographic map of ‘the country, but this map is by no means com- ae 


plete, Tess than | 40% of the country having been covered. From the nature 
of the case the scale of such maps is small a as to amount, for ‘engineering 


basin; 


“rads, and railroads, be ‘surveyed i in detail before | plans are made. 4 
hh no ci ease does the general map furnish | the final data, | except perhaps i in the 
matter of catchment areas, W which are useful in computing spillway capacities 
x nd i in comparing different basins or parts of basins, as to their water yield. e she 
A ty, The development of the aeroplane and the adaptation of of aerial photography — riba 
to the construction of topographic maps has brought into a new relation the 
or of time necessary for the construction of accurate topographic maps ae: 
ma large scale. The n necessary aerial photographs usually at are obtainable ina 
few hours of flight in clear weather, provided the basic location for control 
" been furnished in advance. Much additional work in the office and Ae 
bora ory, is necessary to make maps from these photographs, but this work Tare 
* independent of the weather, and a ‘Part of its ‘results can be q quickly ‘made ba 
-tailable provided the maps can be completed from the original photogra ahs, 
many errors are possible in this work that it has been customary to use 


— only for rough guides in the form of mosaic and to re-occupy field — ite cose 
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7 
points for the purpose of, sketching the contours, which are controlled me 
marily by the preliminary triangulation, and in detail by the, photogra og 


use of photography is of great assistance, 

ae and accuracy of the work, and with this method a high grade of topographic ip 

should be turned out more quickly and cheaply than an without; it. fees 

The ingenuity of the inventors of the Brock process has a 


ie clever devices pe by re- photographing the plates most of the n mechanicali¢ errors : 
of the process can be corrected i in the manner explained, in this interesting 


imine surveys and effect still more economies in the elimination of erto errors 


plan and of estimate, due to insufficient preliminary information. 


preparation should be recognized as essential for the preliminary 


contours without additional field work through the 
2 ‘described i in the paper. This great improvement, checked as it has been by .S 
‘direct comparison of results, will accelerate the introduction of such methods, a 
When the advantage and economy, both of money and time, is appreciated, “3g _ 
large enterprises will be examined by the prompt establishment of the . 
points for necessary horizontal and vertical control, and prompt steps will 
taken to make comprehensive maps of the ‘region — 
ng under study. This will eliminate a vast amount of expense and delay i in mre 4 3 i 


TRB of railroads, wagon roads, and transmission lines, and for the loca- — 
tion of reservoirs and the determination of their capacities, as well as the . ; 
canals, tunnels, and ‘Pipe lines necessary to utilize the water. 
These methods are adaptable to photography of every description. "Thelt 
greatest advantages obviously lie in re ions where other methods are most 
a , as in extremely rough localities or those covered with timber or rah 

or those for which the field season is short, as in the more northern regions af _ 

America, Europe, and Asia. Vast areas having oil, timber, and | power resources 
are yet to be studied, ‘topographically and geologically, for their development, 
and such regions offer an almost unlimited for using accurate 


mapping methods, which, in turn, will greatly expedite and stimulate their 


Haxwoop R, Faison,* Am. Soo E. (by letter). —The first: reaction 


the study of. Mr. . Bergen’s paper. ‘is for his “courage q 
in undertaking a written analysis of the aerial photographic process. «iLike d 
J the. solution of most engineering problems, ¢ demonstration a in the field, chop, 


“SE Fe 


rat 


and laboratory is much. spectacular “convincing. Unfortunately, 


hitherto such demonstration has been available to but few engineers. It is sto 
be regretted that there is, “no more dramatic way in w which. to. broadcast this. 

revelation than by. leading the reader, , step by step, through logical sequence 


g 


ate, 


of axiom to axiom. significance of the ‘diagrams is che 

grasped a a glance, but ut there. losing ‘the attention of the cas d 
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and 


eader before spanning that tiny gap between ‘the commonplace 


to the actual workings of of the ‘Brock process th 
pen of the skeptical urchin, confronted by Houdini; one witnesses ~ ee 
astonishing result before comprehending g the means of its accomplishment. poe 


when later opportunity offers itself to manipulate and to experiment with 
the instruments ¢ of precision, to assist in bringing the ‘reproductions to true 


ori izontal and vertical scales, are the fundamental principles actually grasped — 


<" ment at the total absence of x 
The Green River Blue Ridge i in Cutolina 
x may not be ideal terrain for aero-mapping, but it is certainly unsuited to map- we 
by any other known method. of parts of the ‘Tegion, by private 
se maveyors, and by the U. S. Geological Survey, made throughout the last three 
dee ades, ‘clearly reflect the disastrous limitations affecting even the best ot 
“topographic personnel and methods. . The elements of time and cost } prohibit — 
that consistent adherence to a uniform standard of accuracy ‘possible i in ol 
work. Local observations are likely to be unduly Tefined in “certain zones, at 
a the expense of adjacent inaccessible areas. Contour control } points must ‘usually 


he be connected from Memory, OF by the aid of sketches, at best, rather than s 


% the continuous stereoscopic relief under the « eye ‘of the derial m map draftsman 


While the aeroplane survey is free from m these drawbacks, th there 


limitations to which the - process. is | subject. Through a wide range ‘of aie 
pod the Property of the reduction mechanism, which will be called 
precision-ratio, for lack of a‘ truer’ designation, is equal to, or better than, 


that of an approved tr theodolite. It is evident that the errors to 
corrected by this hose due to ‘tilt, drift, a variations | in the 
and altitude of the be assumed to be constant and 
pendent: of the “height-of- lens”, although, i in actual practice, flying wear the 
- ground tends to increase these errors. It would | seem, therefore, that below a i: 
certain definite “height-of- lens” above the average ground elevation, the. desired a 
--precision-ratio would be rapidly exceeded, tending to introduce setious relative. 
Mnaccuracies into attempts: at large- scale | mapping fc for. detail work, However, 
“since the. object of the Green River survey was to cover many ‘square. miles of — a 
dificult ‘mountainous country, on a scale of 600 ft, tol 1 in, , showing possible 
a gow dams and other hydro- electric structures, for po pond areas, and feasible cae 
Toutes for construction ronda and transmission lines, the flying a altitude allowed pea 
‘scale-ratio well within the limits of the required accuracy, and pe permitted 


(yoidmong the many parts of the mapped ‘Tegion’ selected for detailed in instru- 
mental study, some were densely timbered. Nevertheless, the contours checked 
80 closely as to bear out the author’s édntention that the ground surface was 
visible “throughout the stereoscopic view”. It is not clear whether 
- aim i is made that magnification of the vertical dimension, under the stereo- e4 
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RAPHIC SURVEYS 
his would seem to involve ¢ a ‘compensating distortion in the 
which would offset any ‘such advantage in visibility. a In any case, it must be 


adenine that large areas of heavy timber do exist, through which it , would be 


impossible to to see t the groun nd 


to the smooth working of the subsequent | phases of the ‘process. Detection of 


errors in the elevations of field points, and of inconsistencies im, base-line 


4 laborious computation and | d compariso: is ‘required to locate the 


4 beyond question of doubt, ona to sliminate all elements of uncertainty, 
If the fall of. the leaves in autumn is allowed to intervene 
time of ‘the exposures and the establishment of the ground control. much, con- 
* fusion results from the ensuing obscurity oF, complete obliteration of. the 
"selected. field points. Conversely, identification of the e points, by ‘their y visi- 
ea bility from omeateted. is made difficult for the ground party by the untimely 
a budding of the leaves i in spring. Peculiar light» reflecting properties ¢ of some 


a materials, as caught on the shotertetibie plates, ‘must be taken into considera: 
tion by the ‘ground party. Dark granite painted a brilliant White, 


proved to be on the as gravel and sand, 


al ; of neutral h hue. - This alw ways s necessitated the choice of some other r point in the 2 
_ immediate ‘vicinity, sharply defined on both ground and guide print. Points 
eas on static shore lines, edges | of solitary boulders, acute angles. of road inter 
: res sections, ete., afford ideal field points for elevation. The e extremities, at eel 
of the base lines should be of approximately equal elevation, 


ae q _ As to the intricate shop and | office work » which _ embodies the principles of - 


e new. process, one must ‘read between the lines of Mr. Bergen’s orderly 
development of his analysis to sense the many disappointments, the groping 


in blind ‘alleys, the ‘discouragements which that determined group of pion 


- finally surmounted, The subject touches activities in many branches of Civil 


___ Engineering, and the author’s logic is sound and comprehensive. It is to be a 


<8 ee: that the paper receives the attention which it ‘merits, ., because perfee ion 


an simplification of the process are being carried on continuously, and con- % ; 
lane comment from engineers ‘at large 1 may well be the basis for worki ng E : 


H. Marrues,* M, Am. Soo. O. E. (by letter) —The author has 

o, ae a clear picture, of the difficulties attending the utilization of vertical — 
iG aerial photographs in . the construction of maps by t the particular process | to * 

a which his paper is mainly devoted. The title of the paper and treatment of | 

the subject: lead to the ‘inference that the statements are generally applicable 


to of ‘aeroplane topographic surveys. To ‘correct any such ‘impre 
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now Teads the countries of t he world in the quantity production of aerial 


? 
ON ABROPLANE TOPOGRAPHIC | 


‘gions, and i in the belief, , also, that the profession is entitled to know the posi- 


tion which the particular process described by the ‘author occupies with | respect 
to other aerial mapping methods, an aspect that was nyt touched on by Mr. 


‘Bergen, this di discussion n is submitted. ny 
‘There are at present two distinct schools, if they may be so styled, of a 
‘surveying. One school undertakes to make maps from aerial ‘photographs, 
either in mosaic or in ordinary line map form, by comparatively simple > methods — 
-jnvolving the use of no patented appliances aside from copying and enlarging ae 
‘cameras. Its aim is to produce maps reasonably free from the various dis-— 
, § “errr described by the author, ‘and based on the fewest possible 1 number of 
ntrol points established by ground survey. The general principles involved - 
gfe so simple that—with proper training—any killful engineer, surveyor, or 
j draftsman can master them in a short time. In this school belong the aerial 
"mapping activities of the U. Ss. Geological | Survey, ‘Topographic Branch, which © 
2 have by this time reached an extensive state of development; the aerial ma 
sh ping operations of the Dominion of Canada, the Topographic Survey of which Ate 
&,. Government maps; the aerial surveys of the U. S. War and Navy Depart- 
ments ; and a host of lesser aerial surveys for corporations, municipalities, and 4 ag 
_ private individuals. In most of these aerial « surveys, scale errors and ‘distor- ae 


tions such val are ie mr by ‘the author and are normally inherent i in n serial a 


or to negligible proportions through material reductions 


n North America, to date, by far the majority of aerial maps. has been 
produced by methods of this kind. Experience indicates that these methods ne 
; “I have proved bes best adapted to surveys at the smaller scales, namely, those rang- 


from as ‘small as 1:62 500 to as large as 1:5000. Although adapted 
fi ro scales thi than A 5 000, these methods do not t always effect material econ 


tilt distortions, becomes considerable, or dans 
other school of aerial surveying, in which belongs the process described 

by the author, makes use of highly precise optical- -mechanical appliances + and 2 43 
has for its chief characteristics : (a). The correcting of each individual photo- 
 gtaph for tilt and scale errors by a process of re-photographing known as Et 


an 


Retification: or restitution (a term borrowed fom the French and widely used 
2 Europe) ; and, (b) the determining of differences of. elevation in the ter- 


r: through measurement of the parallax of of photographic images ¢ common to Soters 


overlapping ‘exposures. The author has § given the best description of the a 
that has yet appeared in print. It is important to note that 


control is Tequired in order to insure accurate results, and — 


must be corrected for scale and tilt errors, even if the dis- 


_* For a description of the method of radial orientation, ane Transactions, Am. PM) 
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~The process described by “the e author is is the only one of its kind in actual 
in North . merica. It is s not, however, the only process’ of its 
thd in “existence. ‘Half a "dozen similar mapping methods are in operation 
; = Europe, and as many more are in process of development i in America and 
as abroad. The total amount of inventive effort that has n and is ; 
+ ae nded in this direction is su risin ly large in view of t aa 


the appliances the ‘rather limited commercial market for. 


adap 


1.000, and have attracted considerable attention because of the ease wi 
which contour: lines may produced mechanically, thus eliminating topo- 


surveying in the well any of these of them 


(the 
sadrangles) 
remains to be py Europe. much experimental wor work has been done in this ; : 
direction, but to date no small- scale ile surveys of large areas have, been under — 
author stresses ‘the refinements necessary for correcting the photo- 
“ferences of elevation. These refinements a! are all ‘opti 
mechanical methods. However, it should not be imagined that the degree 
; a precision ‘to be ‘maintained in ‘this part of the work is “necessarily p 
ae - reflected in the finished map. Its introduction is merely incident to dealing a 
parallax, the measurement of which involves exceedingly small Il quantities. 
co he A numerical example will make this clear. Referring to Equation | 
assume an ordinary case, namely, a distance, _B, between centers of ove 
ee lapping photographs of 2.5 in.; a camera altitude, H, of 4000 ft.; and a . seale 
the photographic images of 1:4 800. Then, the difference in parallax; p, 
had a difference of elevation, h, of 10 ft., will be found to be 0.006 iny a : 
= small quantity indeed. *Even for an object 100 ft. in height, under the 
= ‘$5 ‘conditions ‘assumed, the difference in parallax would be only 0.06 in. 1 he 
r  caeoneete the apparatus described by the author is fully capable ° 4 
cS making measurements with this degree of refinement. “The important point 4 
to observe is that these pasting measurements have been ma 
ey the'e construction of the e map—tha t is, the p piecing ‘together of the bits of infor- _— 
mation derived from the individual exposures—still remains to be ‘attended 
to, as does also the correction of the contour lines and other features for dis 
placements caused by perspective, and for scale errors caused by ‘differences 
“in dlevation. “In these respects, , the process described by the author appears 
; to ‘be much the same as the ‘other aerial ‘mapping methods; and it is here : 
that’ the real skill in n producing ai an undistorted map from | a “multitude of 


“exposures: is required. Tt is here, ‘also, that frequently much of the extreme f 
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resulting from varying degrees of judgment, 
— 


a and “pep”. of the individual who transfers the lines and symbols from ee & 5 

the photographs to the map and fits them to the ground control. Re oy es. 

The author dismisses t this part of the map-making process in less than two 

hundred words under the head of “Plotting and ese » leaving the reader 

with an in incor! 

over with so much care finally finds ite way into its 

in the 52 It is highly desirable: for the author to shed further 


_ proper position. In some ried the European optical- mechanical processes all 
map features, inclusive of contour lines, are drawn yn mechanically on the map 
by means of a pantographic attachment forming part of the stereoscopic 
thereby eliminating, very largely, errors in ‘drafting. 
Owing to the extreme delicacy with which parallax measurements must be 
of made, errors in the position of photographic images, however minute, due to reg 
_ film and lens distortions become sources of material error. As pointed out by 
oO guthor, glass plates must be used instead of film, but his statement to Tee 
effect that film is “inappropriate for the purpose of aerial mapping”, 
ae entirely too broad, being applicable only to aerial mapping by optical- Be 
mechanical processes involving parallax measurements. 
a Film has been and is s being used ‘much more extensively than plates in 
eral work. Most of the larger aerial mapping agencies in the world, gsr 


"great deal of § success. eas. As far as the writer’ knows all the more recent 
of aerial cameras use films. On the other hand, all optical-mechanical map- _ 
_ ping processes are committed to the use of plates because of the small emul- ‘ AX 
ion displacements mentioned by the author, to which film is subject at times. — E - 
The errors in the position of Photographic i images resulting from this source, 
as well as those due to lens distortion, are only of academic interest in the 
preparation of maps by non-mechanical methods, because these errors do not 
a average more than the width of a line, which, ‘after all, is the limit of accuracy — 
_ The author or speaks disparagingly of the mosaic type of aerial map, stating con 
“that it has been called “a caricature of the landscape”, and that “the weakness — " 
. ofe a mosaic, fatal to its use as a substitute for the engineering map, is its 
lack of uniform scale”. _ The writer is fully aware | of the shortcomings of the 


mosaic, but believes in looking the facts in the face. Briefly stated, t the demand 


for mosaics on the part of engineers is far greater than for line maps. Engi- van 


not averse: to using maps known to contain errors, having learned 
~ through experience to place but little t trust in the scaleability of any kind of — 
| map. _ The discrepancies | inherent in mosaics * have proved, as as a rule, trivial * 
alongsi e tl e blunders and omissions inherent i in maps made by ground sur- x 


veys. Mosaics afford information. for engineering a as well as pur- 
‘poses that the best line map cannot supply, and convey, 


and conv 
more e to the « engineer’ 8 client. 


ic, 
preparation of maps of all kinds the most prolific sources of error occur in = 
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author’s “remarks apply more particularly” to topographic 
reservoir sites and for other purely e engineering purposes, which must neces the 


eS sarily be of the line-map type with contours. These form but a er 
= tion of the demand for aerial maps. Speaking from intimate “contact | with = 
4 er the aerial ‘mapping industry, the writer has learned» that the bulk of aerial 
er maps are for land development, transmission line location, ‘tax assessmen SS 

city planning, zoning, oil exploitation, lawsuits, timber surveys, and many 
minor purposes. Such maps are nearly always ordered through, or at the 
2 recommendations of, engineers and these orders, in most cases, | specify mosai mosaics, 
The author that “the ideal method will make maps ‘directly 
a from the camera records, and dispense with ground measurements or reduce RS 
ee a minimum needed for control only.” If this be: true, then the ue 
_ process described by him still is far from ideal, dig its characteristic in commoz ue 
that of other optical- -mechanical processes is that it a great deal 


= 


of ‘ground control _as compared with the -non-n mechanical methods of. aerial ime 

mapping. It does obviate ground surveying for locating contour lines, ‘but 

: Bes fae contour Ii lines do not appear to be essential in the production of maps to he ip 
extent that they did before the advent of aerial surveys. 
The greatest demand for map-making exists at present in South and Cen- 
teal America, where vast areas are densely covered with vegetation as to 

ground surveying fon: the purpose of establishing control points, 


as described in this ) paper, a practical impossibility. For the same reason, A 

tour location by parallax becomes a doubtful expedient, because over 
large areas the ground cannot be discerned in the photographs. It would a 

interesting to learn : from the author what success has been had with this 


Sd _ From a general survey of the use of optical- ‘mechanical methods it would — 


— 


ape appear r that they « are best adapted to the production of large- -seale contour mp 
> nn regions where an abundance of Ground: control can be obtained. cheaply. i 
=. This i is the case in European countries, where cadastral maps of great. accuracy Soi 


are available for use as ‘ground pomrere'y _ This: feature has had much to do >with 


To w what extent sue 1 methods will be found economical in the ‘Americas, 


where ground control as a rule is conspicuous by its absence or difficult to 


6. 0. E. by letter). —Probably only tim ‘ 


and the notable ‘Sources from which they come. 
Fe ew engineers have had such axtensive experience w ith aerial 


4 

as s Major. Fiske recites, involving 13 000 film exposures and the actual use 
several thousand photographs in mappi ng, even if this does not ‘include 


vied 
it fo 


their correction for ‘tilt a and their use for contour location by “means of the ‘ fe 


_ properties of the photographs themselves. To such a method of use the = 
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NE TOPOGRAPHL 
the method discussed. An illustration is Major Fiske’s statement that the <A 
-stereometer, or stereoscope, gives points of equal elevation above 


ground plane | parallel to the negative at exposure, which would cause on ys 


2 of 92 ; ft. in elevation | 1 “mile from the optical center if the plane were 
tilted 1 In elevation determinations by the stereometer two over- 


Iapping. plates are always involved, with relations as ‘suggested in Fi ig. 
The operation of this instrument cannot be expr in terms of a single 


otograph, but, as nearly as the writer can show, the re ations are as in" 
ograph, but ] th ite sh h relation are ai 

Rie 14, in which the parallax would be a m measure of distance normal to the 
tilted plane. Thus, the error would be, 


he 


pati 


aif 

vt 


i oy of i¢ Wis. 


»» The assumptions: involved, however, are faulty, ‘They pe presuppose the 
aeroplane and focal plane i in effect glided down a 1 ° slope between. exposures, 2 
mt that both plates: would be i in one. plane tilted af from the horizontal, a 2 
gombination of circumstances not "met. in p practice. "They ‘assume: that the 
- pilot lost 92 ft. in elevation from one exposure to the next, which, is excessive 


akimeter in the cockpit and conditions suitable for 1 flight: How- 
ever, in correcting the pictures for 2 and conversion of the 
‘Record: to map form, ‘allowance is made for a variation in the a erent of lens 
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indicated by the stereometer and the ph 


are The most faulty ‘assumption ‘in Fig. 14, is that “the! machine 


ad 
indicates the contours gives points of equal above a reference 


a. plane on the ground parallel ‘to the negative at the >, moment of ¢ 


Only plates free of tilt or or reprojected to the horizontal are used on this j we 


ment for contour 80 that the determinations, normal to: ine, 

agencies, governmental and private, use aerial photographs wi results 


an standpoint quite as satisfactory as the one under 
me. cussion. In amplifica ion he describes two ways of actually han ling the 


: Ba - photographs i in such a process of f mapping in this country. "Both these methods 


‘ 
are attributed to Government agencies, both involve all. the work of contour: 


in the field, both compromise with the nature of photographs as 


“Gore spective projections on tilted planes, and both are | limited accordingly in their 


One of these methods is that | used in recent years in some of the work 

on the series of topographic sheets that Major Fiske “refers to as “standard — 
maps. ” He finds su such maps 0 ‘Tadically wrong in contour location and 
an inaccuracy ‘unbelievable. implication is that this criticism | 
not apply to the maps of this series made with the aid of aerial photographs. 


in making these ‘maps, with or without the use of photographs, the con 


u 
tour location i is accomplished on the ground, with essentially the same instru- 


2 


— 
S 


“_ time there has been a notable improvement in their general accuracy 
to the adoption of higher standards, better control, and improved or 

: ganization, instruments, and practice in in ‘the n main quite independent. of the 
of photographs. This _improvement with time is known to 


gineers who, in judging the probable r reliability of sin sheet, will 


a. 
OQ 


Davis, however, points out ‘the most important limiting the 

a _ comparative utility of the standard maps for engineering purposes, namely, e 
a their small scales, usually approximating } in., 1 in, or 2 in. to the mile. bk 
- aerial method discussed is of general application in topographic mapping for 


“ i engineering purposes, , while the small scales of the standard maps limit them m 


> = 


s 


forced by unusual experience, including with the 
ing of the standard ‘maps, some contact with the’ new in struments 8 for th 
ig 4 aero- -topographic process, and a distinguished career of engineering emir 4 
a public and private, involving topographic mapping and its practical uses. The a 
ee Clear distinction as regards scale is illustrated by the practice of engineers — 
_ in ordering mapping by the new process. Such orders for work in the United ae 
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‘States are accompanied by the standard maps whenever available, aii ae ; 

used for the purpose of outlining the areas to be surveyed. 

= Davis clearly points, out the great value of ebiaining topd- 
phic maps of large in a shorter time than was” formerly. required. 


‘Sach advantages of the aerial method have been well illustrated in surveys 


new methods and In ‘the successive steps ps of utilizing the 
power possibilities of a drainage basin, from the preliminary reconnaissance a ey. > 


of a virgin field to the progressive | determination | of major links in the ulti 


mate net of transmission ‘lines, the | aerial survey and its products offers 
2 advantages. _ The field engineer seeking sites for storage and development, 

the hydro- electric engineer weighing alternative plans, the transmission line i 
| engineer selecting routes, the public utility executive, the right-of-way depart- oe og 


‘ment, at and counsel may all gain in time, cost, or wealth of information. "y} fiat 
i ‘The field engineer ‘commencing investigation of a large drainage basin 
po save a tremendous amount of time by direct use 01 of the aeroplane. F ‘lying 


8 an observer, he. can get a broad view of the area with which he. is to deal, 
such as is possible in no other way. He can traverse the area or follow . za 
+. tong. watercourse in a small fraction of the time required on the ground. a + 
‘Flying relatively low, he c can get. a good idea of the power reaches of the 
stream the sections where favorable dam sites and storage are to 
In chert, he may get quickly that grasp.of the whole problem that 
is needed to guide intelligently more particular, examination and study, and 


to save the time and « expense required in detailed investigations. It is impos- 

4 sible to fi fix in the mind all the detail seen from the air, but by photographing — 
a from considerable altitude with a short focus lens, a a valuable sinning” — 

soon may be had in the form: of a photographie m mosaic. This may 


, | e be made as small a as 1500 or 2000 ft, to the inch, showing 5 to 10 ‘sq. miles tin 
ia a single photograph. _A mosaic of these pictures will shone the water- ne 
and drainage lines; the timbered, cleared, and cultivated sections; the towns, _ 


toads, and other features. On it can be marked the sections needing more iS: 
a detailed examination or n the ground and from. it can be determined the best ze 
and program to. follow in ‘isiting these. localities. On the: ‘mosaic, 
‘rough measurements ‘ean be made of all these things. _ In the absence ofan 
‘accurate map it it is invaluable. ody 400 4 


*] By proper choice of altitude and lens, or by enlargement from good nega- = 
fi 


with of ‘the larger scale offers the f 
electric planning engineer 8 a Tecord much more complete t than he has. usually 
is | dealing with a a large area the 1 mosaic is useful in ‘defining the 
be mapped and 4 e order of mapping. If the whole is suitably photo- — 

tebe while the aeroplane is on location and a moderate amount of ground — 
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additional topography may be. developed, if and when later “needed, 
‘the: necessity of ‘transporting, and maintaining survey and | 
evan! Faison is one of those engineers who ean speak of maps made wit ry 
deck means and for such purpose from detailed experience with: them 
with location surveys by the older methods. “There are numerous factors 
involved in what he aptly summarizes as t the “precision ratio” of the new 
+. mapping instruments. In actual “practice “the “height -of-lens” 
from 2400 to 17000 ‘ft., without fixing absolute limits and’ without loe 
photographie ‘sharpness. The “length- -of-lens” is equally a factor in fixing ] 
tographie scales and widens the choice. Of two sets of photographs ‘taken 
for large and ‘small scale mapping, or one e ran less the than 100 acres per negative, . 
while the other had more than 9.5 sa. miles ona plate ‘of the same size, lov 
flying for large ecale photographs tends toward increased tilt because the cir 
Se less “smooth” and the camera has less ‘time to return when n displaced from 
a the vertical, but there are compensations in the remit sensitiveness of 


mR - parallax: readings and, because of the larger images, in the ease of identifyi 
the objects. There are, of course, both high and low limits for the cleration 
flight f for this purpose. Probably neither limit will bea matter 
ofa accuracy, but the high limit will be { physical and the he low w limit econdimie, — 
with the prescribed map scale and attendant | accuracy fixing the 


Mr. Faison is doubtless correct iti stating that through large areas of timber 
itis impossible to see the ground surface continuously for ‘considerable | die 
ner’ is this ‘necessary. The slopes and contours can be fixed if if only 
frequent glimpses | of the ground can be had and clearly 
: this recognition of the drop ‘from’ tree- top to base ‘that is aided by the ver & 


the optical field. ‘There are doubtless areas ‘where ‘vegetation completly 
hides the ground from above, but the fact is that none such has been en 
countered in the surveys made by the new method, ‘which include parts of 
the Eastern United States that are mountainous and cece para ee 
would not be possible to “run out” the contour lines in the “equatorial 
Fr jungles, nor is the writer “acquainted with such work o n the ground; but 
without penetrating the jungle the rege aerial shat could produce a 
contour map of ‘such an area with at east barometric ‘accuracy. — An; ‘con: * 
4 trol available: at thes margin the could be connected and extended 
by the photographs and correcting projectors. There are various interesti 
possibilities of applying the new methods to such country, which it is hoy 


if ‘Meanwhile, Mr. Faison’s ‘statements regarding improvements of ‘th process 
as already used in ‘accurate work are very true. A number of marked im- 
have been accomplished since the River survey that 


_ The special “cameras for accurate work 
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camera is almost t entirely depended on for the original record, ¢ 

small amount at of ground control, it must be an instrument of precision.* 

oem One e of th the mos most important Tequirements is 1 a lens free of of distortion. 5" This ap 

i is not a common 2 article of commerce, and such lenses were obtained in de- i 

ew number and variety only after the extended process of search, test, _ 

selection. With the lens used on | the > Green River survey ‘it Was necessary 
* exact correction m and contouring 1g of the photographs : to 10 make: varying allow- 
ance | for lens distortion. Subsequently, a series of lenses have been ‘put 

“use so free ) of distortion | that it can be found only by the most exacting optical Tae 

tests, Thus, it ceases to be a factor affecting the accuracy of the mapping. a a 

B2 other r words, the resulting image displacement cannot possibly be plotted 

; d is so microscopic that it can be ignored i in elevation determinations from 
stereoscopic involving measurements down to 0.001 in, or less 
on on the _stereomet er. The most ‘satisfying improvement, however, has been 

made in the endeein used for such measurement ent and reprojection of the — 


photographs to eliminate the effects of camera tilt. _ The newest instruments 


lee this purpose have shown the most gratifying plies Ri in further labor- a 
saving in Processes, in minimizing the required ground control, 


In attempting to explain such operations and instruments in readable form 
and within reasonable limits, the writer is conscious of the difficulty suggested 


y y Mr. | Faison. . For the | engineer ‘schooled in the old methods _ of ‘mapping 


and unfamiliar with photography, analogies are useful, beginning with the 
simple one between the camera and the human eye. 1 The pupil of the eye is 

8 a lens and ‘the lid is analogous to a camera ‘shutter. As the iris « of the eye 

- affects the amount of light admitted to the pupil, ‘so the camera has an iris — 
diaphragm b by which 1 the Jens may ‘be. “stopped d down”. The retina of 

i “eye corresponds to the focal plane of the : camera and each receives its image ; 

without the re-erection familiar to the engineer in some of his ground instru- Te 
ts. In the case of aerial photographs | taken for mapping purposes Le 
i the négative approximately level, such re-erection has no place, but there is the 
Problem of orienting the views, correcting them for slight departure from the 
horizontal, and overcoming seale changes due to varying elevations of the 


camera and ground surface, E, Weymouth, M. Am. Soc. E., has pointed 


the analogies and differences between, ground _ and surveys.t It 


@ as if there were a series of plane-table sheets made without exactly leyel- — 
ing the table and using” slightly d different at scales, but with ¢ characteristics per- 
mitting their correction and conversion to true scale maps in the office. As 
Mr. Faison states, it is only by s actually seeing the office operations, by. manip- 


ulating the new mapping instruments, that their relative. sim aplicity 
ciated and the new method clearly understood. 
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“method minimizes the required ground work and simplifies its characte, 
It is being applied to small sc mapping. Work ata a of 1: 


and the e expressed | desire of numerous | tition awaits o1 only the accumulation of 
‘| guffigient instruments in of current requirements 


“nection with transmission line | ‘an and the acquisition of ‘related right 
of way: Where the population relatively dense, property value high, 
the right of way by far "the heaviest item of cost, such photographie 
“products of aerial surveys are almost invaluable. Interests with which the 
rite was ; connected had occasion to locate a a high-power transmission litte 
through | about fifty miles of such country. The ae is a a thetwork of improved 
railroads, and other of way, » connecting “numerous towns, 
and the countryside ‘abounds: in ‘highly cultivated farms. Within a zone or 4 
a i eer. of this country the choice of final location was greatly influenced, if not : 
o ee dominated, by the expense for right of way. Flying about 10000 ft. 
Ju above the ground an aeroplane traversed this zone and a series of overla apping 
“vertical” photographs ‘was tak ken of the strip, he pictures included a 
known ground distances, ‘and | “using these and the precise office instruments 
already described, a graphic triangulation served to orient the photographs 
and | approximately ‘bring them | to “common scale for ad datum plane, On 
‘mosaics of such ‘pictures’ a liné ‘was: “laid down that would avoid the most 
ekpensive right. of way ‘and mini 1imize crossings of a ‘nature ‘requiring — 


construction under the law. ‘The county records to identify the prop- 


“erty lines on the photographs and made it possible to list the owners of righ 


Al could be done without t premature ‘disclosure of | plans. When the 
Hight-o of-w: “way ay man was rea y, h e proceeded u nhandicapped by the publicity. 
“attending survey ‘and on the ground. ground survey was limited 


to the final exact, lopation, following the acquisition of rights. Here, too, the 


oe aerial survey may aid. The photographic plates are kept on file, available 
for determination of relief as described, and in any event copies of the photo 
“graphs and mosaics remain the office, continuously seful for reference _ 


‘on account of their vivid showing of détail. Coupled’ with the records ov 
cs. testimony of the aerial photographer as to the time of taking, they may serve 


x later as evidence in settling certain kinds of disputes, evidence of a nature 


‘most compelling and understandable to a jury. Thus, from the stage of 
preliminary’ examination to the final day in. Cou urt, the aeri survey may 


rel the ‘final aerial survey may 


The writer therefore, well aware of such utility and ‘the demand | for 

“ apne but believes in looking all the facts in the face, The mosaic should ; 

be called a mosaic and not a map. It is saan superior to any conven- 
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— andi 
Lhere is a demand for mosaics oi air photographs, which are for in th 
exploitation and numerous other purposes. Some of these ‘purposed ite us 
of an engineering nature; the writer has cited the ease of a preliminary inves. the 
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tional 


and i is distinctly inferior toa good map map with venpeet to scale, as those who have oF 


of tilt a ‘mosaic - closely a true plan map, but as the 
usually tilts and aerial photographs ensie. always do, such modification is i 
in the nature of an exception to prove the rule. Doubtless this is why the 


A A 


& Board of Surveys and ‘Maps refuses to call mosaic a map, following 


As Mr. Matthes" suggests, the e engineer “may find m mosaics of most u use 

, ‘in aa their value as a vehicle in conveying information to his client. — 

In their hurry a board of directors or a busy executive will probably get a 

broader conception of a project | tect..from ‘well, explained pictures than 
maps, profiles, and detailed | drawings, but the engineer will probably mot 
y abandon the use of the latter. The writer confesses that he is thinking of — 
is maps from ‘the engineer’s viewpoint. He cannot agree that elevation con- — 
4 tours are losing ground or share e Mr. Matthes’ ; rather gloomy view of plac- 


ing little trust in the scaleability of of any of map, at is the 
safe rule to sly to mosaics. 


= was to set forth clearly some of the essentials from the Mae sdidngd Thus, } his: 

‘effort goes further discussion. of the Sham. account 
ve of its solution. It i is to be hoped that it will be followed, as it doubtless will, pa 
by. others describing m: more fully the new process of topographic mapping, the ais ae 
- precision instruments evolved, and the inmprovements in both that are being 


Nearly a of painstaking experiment preceded the present commer- 


application.t One instrument after another was designed, built, put to 
practical test, and “succeeded by something nearer the goal... The persistence, 
ingenuity, and unfailing support of an. constitute an. 
q of record in the history of American science. Sometimes it is said that in 
country. lags ‘in, comparison to the applied. science of engineering. 
_ isa pleasure to record one of many instances to the contrary, to know ‘that 
although this development has reached the point where it is possible to give ts, 
it a place i in. the Practical field and literature of engineering, the research — 
experiment are continuing z and further advances materializing. sti to diy: 
r Engineering News-Record, ‘Wol: 94, No. 15, April 9, 1925. 
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the hu hurry, of the present tremendous s industrial progress, technical research in 
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Mr. Matthes disagrees wi ajor Fiske as to the completeness 0 de- 
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SOOIETY OF CIVIL ENGINEERS 


Society is is not responsible for ony we opiates expressed 


OF IRRIGATION DEVELOPME ENT IN THE WEST* 


GRUNSKY, AND F. H. NEWELL. 


A bart’ 


of irrigation ‘/history— —the prehistoric, the pre-pioneer, and the modern 
base _ siderable information is av ailable « concerning each of these periods. 
The Prehistoric was practiced in the West before 


, _ ness to a dense population that throve under the irrigation dc = 
The Pre-Pioneer Period.—The pre-pioneer period represents the “meager 


ee attempts at irrigation by those who came into the Great West as trappers, 3 
traders, ranchers, and missionaries before 1847. The Roman Catholic Fathers 
established missions in Arizona, New Mexico, and California, around which 

were built small irrigation systems. Occasionally, members of the great body 
of fur trappers and traders would divert water from a stream in the great un- ¥ 
settled West and raise a crop or ‘more. of grain or vegetables. Spas ish 


; ; fornia, near the present ‘site of Santa Cruz, un 


permanin community 


i as Presented at the Summer Meeting, Salt Lake City, Utah, July 8, 1925. | ae 


itty 
— 
— 4 
set a 
be flout 
Vall 
: 
ofa 
= 
jody capi 
— 
— cost 
re 
eat 
— 
— 
— 
ler the direction of Lieutenant 
resent advocated for the settle ure 
ment of irrigated lands were used, but the venture ultimately 
tures by white men were and noton@ of. 
~ 
nodern period began on July 24, 1847, when 
a company of Mormon pioneers, led by Brigham Young, entered the Great 
| w 


STERN IRRIGATION DEVELO 


4 Salt Lake Valle ey, and on ‘that day spread ‘oh er from City Oreck over land 
which was being plowed. From this initial “experiment have grown the vast 

‘enterprises o of Western United States. ‘modern period is is char- 


acterized by three classes of enterprises, which su eu eceeded 


The pioneer enterprises \ were those in which the farmers themselves, chiefly 


s y their own labor and always with limited ca capital, in the spirit ‘of co-operation, 
: set about to » dig ditches and to bring water on dry | land. The ) pioneer enterprises < 
flourished mostly until about 1880, although, ever r since the original | Salt Lake - 
‘Valley ¢ experiment, there have been occasional ventures conforming in method 
to the early enterprises. The pioneer enterprises were not comparable i in ex- 
tent with the irrigation ventures of the present day, but, i in view of the diffi- 
“ealties and hardships of the pioneer days, they were remarkable. _ For ‘example, ee 
in the State of Utah, in 1865—18 years after the coming of the first pioneer Pe co ee 
ew 
-company— there had been "dug, by co-operative effort, 277 irrigation canals 
ofa length of 333 862 rods, « costing $17 66 959, and capable of serving g153949 
i" acres at an average cost of $12 paar, "Besides, in that year, there was in a 
A progress the construction of « other canals of ane estimated cost of $877 730. 
the Union Colony, the forerunner of the great irrigated section cxteing 


The prosperity tha shes attended ts — enterprises was 80 marked et 
econ interested. The capitalistic enterprises then followed 
the pioneer enterprises. It seemed as if the investment | , of capital in i irriga- 
tion enterprises would be safe and profitable. Vast areas of land were brought ee , 
- under irrigation by the capitalistic enterprises. In fact, in 1900 9000000 
geres of land in Western America had been brought w “eultivation, at a 
eat of from $15 to $20 per acre. It was discovered, however, that many diffi- =. 

culties and dangers | attend an irrigation enterprise that is ‘principally 
fostered, ‘supported, and managed by the water users themselves. Te seemed 
to be demonstrated that, ordinarily, a capitalistic irrigation enterprise is’ not # 

profitable. Finally, it became ‘clear that the development of the | imrigated 
wetion was lagging because the precarious financial returns of irrigation i 

‘Watments made capital reluctant to engage in ‘irrigation enterprises, Mean* 

- while, it was fully admitted that the development of irrigation was’ highly. 

In 1902, Congress" passed and President Roosev Jt the famous 

Reclamation’ Act. Thus, the Federal- aided irrigation enterprises were inaug- 

4 urated. This unique instrument for the conquest of the arid and semi-arid 

; ands of the Republic by irrigation, provided that the p proceeds from the sales y 
_ of publie lands in the Western States, later augmented by royalties from oil 

and other lands, were to be used for the building of irrigation works, The 

a farmer was to pay no interest on the investment, but should ‘return the cost 

im easy installments. Thus, a perpetual revolving fund would be created 

“— which in time, would utilize all available water on the lands of he 
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. e it ta ec nm Service, in the wo deca Ollowing the — 
tion of magnificent irrigation works of outstanding merit, brought 
2 000 000 ‘acres of land under the ditch, and contributed a volume of experienss ra 

7 = irrigation practice, before ‘unknown in the history of the world. The annual : 
crop income from the irrigation projects was as upward of $75 000 : 
"The passage of this A Act, and the consequent activity in the construction : 

of irrigation works, had the further effect of stimulating the interest of ea: 

in irrigation ventures. From 1902 onward, therefore, there was great 
increase in the irrigated area. “In 1920, the itrigated section had expanded 
7, 20'000 000 acres, at a cost of $30 to $50 per acre, and the crops harvested — 
a from the irrigated section in that year were valued at about $760 000.000, ¢ 
os Numberless cities, towns, and villages covered the West as a result of this 


tremendous’ irrigation enterprise. Roads: ‘and railroads intersected the irri- 


arisen on the reclaimed deserts of the West. 
«RETR would seem that, ‘then, with the experience gained by the pioneer,’the 
capitalistic, and the Federal-aided enterprises, the principles of irrigation 
would be so well understood as to insure the permanence and prosperity of of 


the practice. Yet, at this very time, irrigation was, so to speak, placed ‘on on 


a trial before the people of the United States—and the hearing is not yet ended. 
a older methods of founding and conducting irrigation enterprises appeared red 
4 to be insufficient under the « changed « economic conditions of the day. Seepage Pete 

and other insidious dangers had developed which threatened the pereniasdils 


£ 


of the movement. ~The humid area called attention to its own lands not under 


“a Colonization of the irrigation projects was slowed up. The newer projects 4 


carried an increasing acre cost, often beyond the reach of the water user. The 


ef 3 water users on the Federal irrigation projects were not repaying the construe — 


: f tion costs, in spite of the fact ‘that several relief measures had been passed making i 
‘it easier for the farmers. to repay. It seemed at first that the Reclamation 
| Service alone was on trial, but it soon developed that the whole irrigated § 


area was under consideration by those who questioned the soundness of oe 
movement: Many of those who raised questions relative to the fature of i irri: 
s gation were friends of the cause, who desired to save reclamation by inthis: 
tion, as they thought, from destruction. Others were frankly enemies { to West 
ern development. — Since 1923 investigations have been made by ‘the Federal 
ee and laws have been: enacted by Congress which seem to promise 
that whatever changes. are necessary to make the movement stable a and and 
will be Meanwhile, a new day i in is before the people 


eae Pes is a complex art, involving the application of the nal knowledge 
the mad among soils, ‘crops, and water; 3 
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life ‘and response of human beings under the unique always’ pre- 


is ‘not ‘surprising that complex an art, at this time, when’ thorough- 


going changes are reshaping ‘economic and social structures, should present 
and serious problems. Such problems pertaining to the development 
af of irrigation in the West do exist, and must be solved, if the great American ¥ 
experiment in irrigation shall ‘becéme permanently successful. Yet these 
problems, irrigation development, may be classified very ‘simply 


wad ‘establish irrigation project an acceptable economic and 
-To extend gradually, as economic needs demand, the irrigated area 
ts by completing existing projects and by reclaiming new areas, a 
until the water resources of the West shall be fully utilized. 


need rank in ‘development to success as measured 
ie by the standards of the age. The water user is as the great river that drives f 3 
* the wheels of the power plant; all other workers in behalf of the project are 
as s the contributing side streams, higher up, that swell the volume of the river. 
is _ The tremendous importance of the water user in successful irrigation de-— 
velopment has not been understood clearly; less important, although essential, _ 
factors, have been stressed. The result has been, too often, distress or failure eer ie P 
» 
corporate and public irrigation projects. Experience has given its order, 
— about face”—face to face with the needs of the water user. ae is s the - 


mode of a manner ner of life, a business i in much 
5 Stney is made. Only those who are content with the normal rewards of r rural 
life will s succeed and be happy on the farm al 
“culture gives promise that, as a result of his labore; the farmer 1 may participate ~ 
in the j joys and satisfactions of f progressive civilization. - ‘Hisi income must suffice 
to provide the things that the | majority of men find desirable; that is, ay prime 
- concern of irrigation development will be to strike a proper balance between 
; the annual income and the obligations of the water user. is The ‘ineome must 
@ome » from the lands; ‘and the obligations must include’ all costs of a 
. - thrifty, but comprehensive life in this day of the latest achievement; that is, 
irrigation farming must be made profitable. Any irrigation enterprise which 
does not make this thought fundamental is foredoomed to to failure. ‘Colonize- 
tion, social development, and all other present needs of the irrigated . West, £ 
| q depend ona readjustment by which the farmer can ‘meet his obligations from = 
his land i: income and yet liveasmen Should ienoqxo oy 


problem applies to all farming, but its solution varies" with environ- 
‘Ment. ‘The | irrigation farmer lives. un 
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The heroic, figure in irrigation development is the water user—the cox 
_ § = and woman who. throughout the years live upon the land, till it, and make  i- 
| yield enough for life’s sustenance. Capitalist and engineer, statesman and 
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tion, che lives ur 
and pir of irrigation. environment. must be 
-italized to bring about full irrigation success. This phase of the problem 
eu is not beyond the field of the « engineer. — The trained mind is needed, however 

; a the training has been secured. The problem is worthy of the best thought, - Hf 
Then, if the capitalist, whether Private or governmental, will Tefuse to 
construct or ‘support any irrigation project which cannot enable the water user wes 
to “make a living”, the highway to the solution of this problem: will be rac 


cessful is the first problem. 
a East has: need of the ‘West; and the West has need of f the ‘East. Th The 


necessary for the pew of the vast of ‘the “West will cluster 
about, and depend on, the irrigated centers. The venture in irrigation will 
be wholly satisfactory until area has been extended to ‘the 


there must be a constant mov yement toward the full realization of irrigation — 


a nor should it be done e hastily. if the work is to go on properly, 


irrigation projects in the West are completed to needs 
4 in 1 possibilities. The newer of the existing projects are not yet well- seasoned, : 5 

a many of them not fully colonized, ‘and few of them under an acceptable program Re 
a of agriculture. They need ‘much help | before they can be viewed as established ve g 
i early projects were small, the water supply was relatively large, and ie 
_ the engineering « devices were simple. As the population grew, the water er Was % 
a sie made to cover more land than was originally intended. As this spread became ; 
om wider and the depth of water thinner, the danger of the dry year became 
Aas more | evident, until to-day there is a demand on most of the older projects f 
more - water. in the critical months and in the dry years. This condition 
oe quires that reservoirs be built to hold back the flood waters of normal years 
_ to supplement the present ‘supply, and to store the excess of the ' wet years to 
serve as a hold-over supply for insurance against the dry year. 
The older projects developed gradually. The first canal was followed by 


expensive. There is need on of the older projects of completé 
re-organization of canal management, having i in view lower operation costs, 

greater return flow, and a higher ecosiomy in’ water use. 


this situation, ‘the gradual result of irrigation development, is chaotie 


net possessed by which, prope ll markets. In addi- duet 
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‘There is an increasing 
peed of power on the fi farm. . _ Irrigation. by pumping is assuming a higher i im- 
portance. The commercial demand for power is becoming larger. Power: pro- 
duction on irrigation projects cannot be ignored. | Provision must be made 
for power development, | by.the well-pl lanned u use. of the water in streams and 
i canals devoted to irrigation ‘Purposes, even if the power. generation occur only sy 
during the irrigation. season... ‘Underground waters, will be needed i in in irrigation ae: 
‘development, and. summer “power will fin find large. service in the use of such 


mater supplies. ws to. bao to, wort 
_, These and many | other problems, such as. that. of full. colonization, i in con- 
with. the ‘completion of existing irrigation projects must be given early 
attention. There a are hundreds of small private projects which, with little 


help of the kind. mentioned, would greatly increase. in efficiency. We have 
been very prone of late years to value irrigation ventures according to size. Pises 
 _Irrication Extension By Buiupina New to pit 


the sa. of the older Projects, small and large, should be 


In the main, such future projects require ‘the construction of 
; expensive and difficult irrigation n works, and Federal aid, with interest-free — ch 4 


Money and easy terms of repayment, is indispensable. Difficult as these struc- ae 
Z3 tures may be, high as th the price may be, it will b be found profitable to bring such — Z 
lands: under i irrigation. In time; ‘the country y will: need all its irrigation 
resources. Meanwhile, such projects: should be undertaken slowly, ; 
| as economic need is foreseen, and in accordance: with a definite | plan c covering 
Si the y whole ‘West. There must be no haphazard irrigation construction if one — 
intends to win success. The program of extending the irrigated area by boil 
nev new projects. should be preceded by an irrigation survey and “stock- taking. — 
Legislators and Courts must be Ww to re revise the | 
for a full, e 


ron Tes Prosi. 
4 


means at hand for such 


| First —There must be established, w within the Nation, a new faith in irriga- 
a tion. It must be shown that the development of the arid and Semi- -arid section 

is is a National need. The peop le must be made to 1 understand that the 1 vast 
_ ‘Resources of the West—mining, forestry, ranching, and dry- farming—can be 


made really successfull only if they are in association with irrigated centers a 


and with a wise ‘program for the full, a Ithough gradual, , development of its i 


ed new comprehensive study mst be m nade of tal irrigation 
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"HISTORY ‘WESTERN IRRIGATION 
project. It would be an irrigation stock-taking of che 
States. Clear thinking would result from such knowledge.) 
 Dhird: —The great treasures of irrigation knowledge won during ‘thie lt 
decades in research laboratories, on ‘experimental farms, and 
experience, should be ‘organized and used more freely. Within” a 


May tion, materials for a science of irrigation have been gathered. ys Unfortunately, at 


an eae applications of this knowledge have ‘not kept pace with the material gathered, ia 
Fourth.—Reclamation by irrigation “must be approached hereafter ‘with 


"appreciation of the need of economic and social emphasis. if ‘There has 


oe been a tendency to trust that, when water and land a1 are brought together, § suc 


cessful irrigation enterprises will be brought forth. It is now known that this 


is not ‘80. Economie and social principles | as well as physical a os 


laws must be brought into o operation to make irrigation projects successful, 
Many or most of the disasters which have befallen irrigation in recent years Wee 


appear to have been due to the failure to’ recognize these social and ec economic 


Fifth—Training must be provided for the irrigation ‘Yeallers who shall 
= upon n the magnificent foundations laid by the present and earlier leaders 4 


. poe t a the West, must know, in addition to the fundamentals of engineering, some 
agriculture, economics, and law. The engineering schools which desire o 

Serve in the irrigation development: of the West, may be obliged to formulate 


< 


a -@ new course e of instruction based on the irrigation knowledge’ and « experience 


has the good fortune during 192495 -25 to nearly, 
= half his time in an exhaustive study of the irrigation conditions if 


West, especially as pertaining to the Federal reclamation projects. has 
come out. of the work with renewed confidence in ‘the value. of irrigation to 

oS the West and to the country as a whole. “The difficulties that have arisen, 


failures that have been recorded, are not arguments against irrigation, 
rather pointers t to the w which w we must tr tread in the e future. Without qu ques 
‘oe tion, ‘the future of American irrigation is secure if the means at hand are used | hw 


in | the solution of the problems connected the 
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_ of the present day. Engineering schools may well accept the responsibilityfor 
training, even to the extent of a partial re-organization of the traditional 
a Bees For some years there has been a growing feeling that the standard college — _* 
 @ourse in engineering is so highly technical and of so narrow a range that the Bor 
graduate is not able to make the best application of his training world of 
and women, touching many and varied activities of life. . Certainly, those _ 
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ORTIER ON HISTORY OF WESTERN IRRIGATION DEVELOPMENT 
Forrier,* M. Am: Soc. ©. E. ‘(by ‘letter).—Wha be 
= as the most general ‘irrigation policy of the United States is that the cost of | % eae 
building, maintaining, and operating irrigation works is a direct ¢ charge ge against 
‘the land benefited. The general character of this policy may be better under 
a brief reference to the methods followed by each of the several agencies 
engaged in irrigation development. These include (1) individuals and groups 
af individuals; (2) co-operative or. mutual companies; (3) commercial com- , 
panies; (4) irrigation districts; (5) the U, 8. Reclamation Service, now the 
: i of Reclamation; (6) Carey Act companies; and (7) the U. S. Indian Be: 
Service. It is obyious that the. first two named, being composed of: farmers 
acting singly, i in partnerships, or in n organized bodies, pay for their irrigation ug - 
The commercial company constructs and operates the canal system 
int distributes both costs over the land under it; | formerly it was the custom ox 
to secure re-payment for the works by the sale of water rights and to maintain i: 
q and operate the system by the annual collection of water rentals. The sale ai ag 
of water rights having been prohibited by the laws of many Western ia “a 
- commercial companies now deliver water to farmers at rates fixed usually — ed 
by some public ‘authority. Under authority conferred by the State the a ie 
pation district may bond the lands of the district and in this-way secure 


money to buy or build works, Sooner or later, however, those who own the rae e 


ig inigable land within the district are obliged to pay all the indebtedness in- ah 


in building and. maintaining irrigation ¥ works. 
The same principle is embodied in both the Carey and Reclamation Acts. 
Tn the. former, the Federal Government donates the land to the State on con- Ba 
dition that it be reclaimed. _ The State in turn makes use of the corporation tom 

’ ae a reclamation agent to provide capital, construct works, and pro-rate the 


east over the lands reclaimed. Under the terms erms of the Reclamation Act the 


are 
assessed against: the benefited and each entryman, assumes his 
4 gh at _ About the only exception to this rule is the Indian and even raneronedll 
"possessed. of t the necessary funds, « comes under this country-wide policy since 
* a large part of the funds expended by the U. S. Indian Service on the con- oS ai 
This policy ; is not. only: general but. so long as it is in 
aa effect irrigation works and irrigation systems, regardless of their cost or mag- nth 
“a nitude, should properly be classified with other property belonging to farmers. Bs ay 
concer, tion of irrigation— —and it is believed to be the true one—brings the 
‘ construction of {irrigation works into close relationship to agriculture and rae 
‘Tenders eliminary measure a critical study of such 
tions, as the property of ithe farmer; its character as regards cost, durability, 
and efficiency ; the profits to be derived from farming; and the ability of the 


average farmer to redeem a farm. mortgage. om lo 
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FORTIER 0 ON HISTORY OF W WESTERN DEVELOPMENT 


According to the U . Census of 1920 the total values of 
in round numbers, as follows: 


Implements and machinery. . 


“pt Domestic animals . 


Hat There are entity 6 500 000 farms i im the United States ana te tind 
well grasp their a aggregate . value; but some idea of their true status ig readily +: 
obtained in dealing with averages, Thus, the average value per farm in 

1920 was $8 508 for land; $1 781 for buildings; $557 "tor 

machinery ; and $1243 for live stock. The average “mortgage indebtedness 


as accurately as it) could be ascertained was $3. 356, leaving an equity 


per farm. further’ ‘analysis*< of farm property ‘shows that the’ farm 
mortgage debt nearly quadrupled: ‘from 1890 to 1920; that farm 
ings as a a general tule are inconvenient and ‘dad are lacking’ 
both: comfort and taste; that the buildings which house stock and’ 
ae implements and ‘machinery are inferior in quality and poorly maintained; — 
and that, in appearance, character, and efficiency, farm structures’ generally 
a are of a low order when compared with those of civie and industrial 
development. 2 ony yd" berdtids “ebay 


Sie In regard ‘to the average net income ofthe farmer i in the United ‘States, 


th the preponderance of evidence goes to show that it is low. | According to data > 
collected by the U. 8. ‘of Iture prior to 1917, on 266 farms 


work. In fairly” ‘prosperous rural communities in Chester County, 
the average yearly income of 378 farms’ was $789. ih three districts : 
located in Indiana, Illinois, and Towa, respectively, the average ‘farm income 
was $870,. and the average income on 69 irrigated farms in the Salt Lake 
Valley, Utah, was $417. To these incomes should be added 4 the ful 
“a derived from the farm and consumed by the family living thereon as well o 
the shelter furnished by the farm n dwelling. According to the same authority 
the average total farm income in | 1922 on 6 094 farms located in different parts — 
of the country was $1 211, made up | of a net: income of $715, “vale 
food and fuel ‘produced on farm, $294, and an increase in inventory of 
Some idea of the gross returns pet ere” per antium fi from irrigated 
may be had from the records of. Government irrigation projects, , chiefly for i 
the ten-year period from 1912 to 1922. _ These records cover 26 projects in 14 4 
Western States and average in gross value $45.66 per acre. 
sit In ‘contrasting ‘the achievements in irrigation development during ‘the 
past 75 years with the policy herein outlined, it is at first difficult to ane a 


stand how so ) much could be done with funds derived from the profits of — 
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of the Census for 19 1920 shows that more t dae 19000 000 ‘acres 


gation farming, as will be shown later, only a part wile’ 80 paid. 


= hee The pioneer found fertile river bottom- lands that could be watered te 
tributary streams and both the stockman and the farmer were able through 
‘their individual efforts, or those of small groups of their class, to establish 
‘homes supported in part ‘at least by the e products s of irrigated farming. ‘The 
first 1750 000 acres, approximately, was ‘thus reclaimed without aid 
sources. sources." Those who ow owned the land controlled the water and asa rule 
large profits were derived from a union of cheap land and cheap water. Bi 
erude ‘and inexpensive methods of the pioneer, however, were not adapted 


thet the: general reyuirements was to be paid by ‘the profits from ite 


“a ~ » the irrigation of the higher bench lands, which frequently involved high — 
 @iversion dams and long lines of main canals througl rocky -eanyons and 
along steep mountain slopes. Therefore, when the lower lands bordering the 
-® streams had been irrigated another ‘agency h had to be found to finance and 
construct the larger and more costly works for the i rm the: tiger 
bench lands, It was at this juncture in band 
water corporation entered the field and for -five years to be 
main agency in the irrigation development of the 
st was due to the successful efforts of the pioneers that the productivity _ “4 
of desert lands had been demonstrated and this, in turn, led to far- nor Mae 
along the lines of land settlement, rural and urban development, 
_ transportation, industry, and commerce— —in short, the possibility of building © 
4n empire in a land that was thought fit onl for the abode of the butfalo and 
the Indian. This was the: lure th that attracted capitalists, who thonghs they 


+ 


price, and proceeded to build canal systems, with the optimistic belief of ss 
_ taining independence in a few years by the sale of water Tights. and thecal 
of water rentals. Those. who invested m money in these enterprises 


were held by speculators who would neither’ w use nor pay for water,, that 
. the bona fide set settlers were few i in number and possessed of little: means, that Pr 


a the ‘maintenance and operation of canal systems 1 were ‘costly, and that it was 

'. ‘the’ work of a generation rather than a few years to establish prosperous com- oo i 


Few of these commercial enterprises returned any interest to the investors ke. 
and in the large majority of cases much of the principal was’ lost, but the peeks : 
: 


‘Systems remained and a large percentage has since been acquired by. the 


farmers under them at a valuation much below the’ original | Jon 


ails The financial failures. of commercial irrigation enterprises which occurred 


7 from 1870 to 1895 w were repeated by Carey Act projects from 1898 to 1914. 


provision of Carey is that the of the 
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: 000,000 000 land, on condition that it be settled. Th 
States. whieh accepted this offer. were either too poor to construet irrigation 
works, or they. were barred from, doing so > by their Constitutions and they 
“side- stepped” the issue by with companies to do the: work. These 
= companies agreed to build works supplying water for definite areas of land» 
and to sell to settlers water rights carrying an interest in the works, 


fs oa to be ‘ball and on | the, notes of settlers | covering, deferred payments on water — 
rights. _ This later “security. failed to materialize. on “many projects for lack 
of. settlers and the. result was heavy, losses to the investors... is claimed 


that. only 4%. of Carey, were finanaially successf 


‘authorized to construct works to provide an: adequate water: supply for the 
‘arable lands in each project. and to ‘return to the: reclamation. fund, in ten 
x annual installments or less, by assessments levied on the land owners of each 3 
ee ‘project, the costs incurred in building and maintaining the necessary we works, 
=. a By the terms of an amendment to the Act passed August 18, 1914, ‘the ae 


payment was extended to twenty years. These more liberal’ 


sad By the terms of tbe Act the of 


years of operation of this Act one finds a ‘construction debt 
«$148 827 844, out of | a ‘total construction cost of $152 566 386, still due the 
mel Government. Under this Act the liberality of the F mand Government in— ? 
telieving the settler of the ‘payment of all interest on on the cost of his’ water 
tight and its leniency in extending the time of ethan of charges’ have 
of material aid to farmers on Government projects. has 


turning from the past, with its long record of successes: and failures 


is disregard the knowledge a experience that have been acquired at so great 
cost in money; labor, and human suffering. One. of the lessons taught/by 
ete’; 4." the’ past is that farmers unaided cannot establish homes, prepare their farms 


for successful ovtiatian sal profitable cro crops, and, at the same e time, pay for a 


common notwithstanding the fact, as pointed out, that 

Re have received from time to time, from various outside sources, a large amount — ;. 
i. in the aggregate of financial assistance. . If the profits from irrigation farm 
a ing have not sufficed to pay for water rights i in n the past when conditions 2 ve 


oe: the easy tasks in so far as ime development i is concerned | have been. done, 
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reason 

flow made by the ‘writer in that ‘about 57000000 a 

tight be irrigated in the! 17" Western States. According to the Census 

«7919 the systems were ‘capable of ‘irriga leave 

$1:000:000 acres ‘yet ‘to be reclaimed if one ne’ excludes what been 

E lished since 1919. | A large part of of the water supply for this acreage, ‘Pro- 

- “viding it is ever reclaimed, will be derived from 4 store orage ‘of flood waters” 

and this fact, doupled with long canals in difficult locations and the prepara- 

4 tion of rough and uneven land, will increase | the cost of water per acre far ee 

beyond that of recent’ undertakings. pot olde, ad abou, 

B The people of the West may elect ‘to follow one of two courses : Pend 

a may decide not to reclaim by irrigation any more arid land; ; or they m may 

ide to grant the necessary State aid for a further extension of created 

agriculture. | The first Course would have few advocates since ‘it is not only 

P opposed to the , progressive s spirit of the 2 West, but it is believed to o be ‘unsound we 

a econoinically. Much of the material prosperity | of the West i is based on < 

gated agriculture and if n no more land is to be rendered productive, rural 

,, growth, industry, and commerce would be at a standstill. A number of favor- _ 

able conditions and circumstances seem to demand that more food and cloth- 

a ing be produced in the Pacific and Rocky Mountain States. | It is a healthy x 

4 region and its invigorating climate will attract and hold ‘settlers. About 4 
three-fourths of the total hydro-electric energy of the nation is to be found 4 
west of the Missouri River. Future generations will also look to the West a 
te" supply the bulk of the he minerals needed in industries, and beyond all is 

the broad Pacific and commerce with the Orient. att 


atts would seem necessary, therefore, to devise ways and means of estab- J 
lishing mor more farm homes under new irrigation enterprises and, at = 
time, seek to better the condition of those living under the old systems by i 
more or less complete overhauling of their faulty methods of ‘conveying 
é and distributing water. . Tn the majority of cas cases the building of new works | 
will be closely linked with the re-organization, enlargement, and reconstruc: 
tion of old ‘enterprises; arid if this truth becomes. generally y recognized i in time 
it will greatly aid in the adoption of proper methods and policies for future 
| development.” A large number of Western communities in the aggregate have 
ie  Teclaimed : as much land as s they ¢ can with the use of the summer flow of streatts. <x 
oe | They have made little progress for years owing to the lack of storage of fiood be = 
Waters. ‘part or all of the available flood ‘waters stored, most of their a 


the irrigable area might be increased from 25 to 100 per cen cent. These are the a 


which much’ of the extension | of the irrigated area is certain 


leaky ditches abandoned, and ‘a much smaller number of g good ‘canals built, 


“an the water users on the water- 
gamiated under one organization, and ‘those on” the larger, under several, 
x divided by i natural and political lines of ' cleavage. Att present, outside of Cali- ¥ 


fornia, there is no type of of organization adapted to the inclusion 0 of all 
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irrigable lands of a water- r-shed when these lands are up of non-irrigated, 

partly ‘irrigated, and irrigated holdings. The irrigation district ct has. been 


is a wonderful aid in irrigation development; but its provisions are based on 
_ the. assumption that the lands included come under the same ie ra 
of not being irrigated but susceptible of irrigation. What | is needed: isa 
more elastic organization that will include. dry as well as. irrigated lands, indi- 
as well as co-operative companies. § 
water supplies for the 30000000 acres or more yet.to be 
reclaimed it is doubtful whether the farmers who.) 
these lands will be able to pay some than 50% of the cost of the water Sup 
plies. the average. cost at the conservative figure of 


may seem, is small compared with what the would be 
invest, in developing their lands. The. land and its preparation, farm systems 
bi eee of irrigation, buildings, live stock, and equipment, for the area under consider oe 
2) would « cost fully $9 000 000 000. fudged by the the i from this: 
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4 
During the past 23 years the Federal Government has expended, including 
interest, , about $170 000. 000 in aid of irrigation in fourteen of the, 


The Federal Government sh should | complete the ‘projects it has begun, and 
- fulfill its obligations to settlers; but,. from the standpoint of fairness to. other a 
_ sections of the country which are in as great need of National aid, it is difi- — A 


cult to justify a continuation of Federal aid for. irrigation n without, full co 
operation with the States concerned. it tos alt tolled of 
the other hand the granting of National or St State aid to farmers 
attended with considerable risk. When done in the w wrong way it tends to 
ae ad _ break down that spirit of sturdy independence which has been inherited from 
Anglo- “Saxon and other fine lines of ancestors and to transform self-sustaini 
Americans into bounty- -fed dependents. part performed by. the State 
Bt = my the Nation i in the irrigation development of the future should be well defined 
Bes and wholly apart if possible from that performed by the farmers: It this 
is to be followed it would. be best for the State, acting alone orm 
co- o-operation with the Federal Government, to build the necessary storage 
oe works and to . wholesale the. water thus provided at reasonable rates to organi- 
zations of farmers... _ This was the policy advocated by the writer and many % 
ya of his colleagues | twenty-five years ago, before th the Reclamation Act was as passed. 
e present 


en If the Government had begun at that time and continued until th 


mo = to expend the funds derived from the sale of ‘public lands i in conserving the 

(Mater, ‘Supplies of the West and contracting their use to to private irrigat 
enterprises on “terms favorable to, the users, ‘much greater progress would 


have been made > and ‘the West would have had fewer farmers spending their : 
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Fortier, ‘the total ‘investment in works— 
“about $152 000 000—more than $148 000 000 is still unpaid, needs further 
planation. From his figures might be inferred that only $4 000.000 
figs Been repaid to date. _ This is far from the* truth, » for as this money is 
oe repaid it is immediately re-invested, as provided by law. Normally, there- 
fo ore, the difference between the capital invested | and the amount unpaid will 


be'merely a reasonable working fund as long as the law ‘operates. 


ges 


The time and place of irrigation are unknown The Garlicst 
of Assyria, , Babylon, | Egypt, Persia, India, and China, and prac practi- 
a cally every country of antiquity, bear testimony to ancient and well devel- 7% 
oped practices be irrigation. is ‘probably one of the olde st occupations of a 

civilized man. It is a established fact civilization originated 
a ‘developed in in an arid reg | region. At the time o of | the Spanish Conquest in Mexico, 


pital 


tensive irrigation systems existed, antedating traditions of 
people using them. Traces of Svcs rks were found in South and Central 


America and in ‘Arizona, ‘New Mexico, Colorado, “and California 


a As ‘to reclamation a as a modern activity of the Anglo- Saxon race, one 
the earliest examples. is ‘the Salt Lake Valley, ‘Utah. “The e early y settlers of 


California, Arizona, and New. Mexico extended the previous us practice of t the 
: Spanish ‘and Indians in those States. ‘Under ‘those primitive conditions, only 
the simplest a and easiest irrigation, enterprises, be carried out, 
others were justified by economic conditions, 
Under the physical circumstances of the ‘Salt Valley, the 
emerge from the high m ‘mountains, ‘discharging most of their. water, 
during the. summer, in rivers and creeks. with rapid fall, traversing wide 
plains with "considerable slope, irrigation presented advantages which 
were quickly and successfully developed by the. Mormon leaders. 


‘Under such circumstances anything ‘that would divert a stream could be 


vicinity” without any 


The hardy pioneers carried out these methods of using the smaller streams 
the lower valleys which they traversed, and, in the aggregate, cultivated 
& great deal of land and produced large quantities of forage. These enter- 
a prises extended to all: the States in which favorable co onditions s for ¢ easy deve See 
opment ‘could be. found, but sites were gradually, exhausted. . The unreg- 
water supply, declining during July, August, and September, would 
ac accomplish only a fraction of the total p possibilities of the > stream, and, to 7 
"increase ‘this supply, large storage reservoirs were necessary, generally in 
difficult of access and requiring large investments Other « streams 
flowing through canyons ¢ could be utilized only by high diversion dams, long 
tunnels, pressure pipes across other canyons, and expensive side: -hill canal 
work, sometimes a long distance the: land. to be irrigated these 


‘also required storage for ‘their full 
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4 These "enterprises, which required such heavy investments, could wet 
carried o out by the individual ‘efforts of the farmers, a and private capital wes 
invited to assist in the development. For a period the representations of 
promoters inspired investors with enthusiasm and confidence, and consider 

able. areas were reclaimed; but the necessity of heavy investment with 
 pmntotion: and interest burdens, and the long wait for settlers to develop 


the desert lands: before production could begin, soon demonstrated that 


ae rosy anticipations of promoters were not justified. It may be stated that, 
with 4 few exceptions, investors in. irrigation works as such financially 

unsuccessful. Althou ugh the development produced ‘might be of benefit to 

the country, those benefits were largely absorbed by the owners of the land, and, 
they, were not the same persons. the investors in, the latter 


tad? ton} flow ai. 


and was by combining land ownership with ir 

| 
development. Again, } , however, the: heavy interest charges, the long ime 


and the large investment ‘required for full "development, “made this method 


slow and burdensome and entirely unsuited to ‘many of the larger and more 
expensive projects” requiring grea grea er capital ‘and long time time ‘in’ cons 


assistance of the Government, through its ownership of the publi 
lands, was early invoked, as manifested by various laws, especially the 


ea ‘Land Act, conferring title on the individuals that reclaimed the land. “This 
Ket ‘was, in the aggregate, “a great assistance to the smaller enterprises, but 
did’ not remove the difficulty of development where the enterprises. were large 

: ss costly, 2 as the land could not, under the law, be turned over to the large 


As the easier irrigation projects were ‘selected ‘and developed by one 0 

various ‘agencies available, the problem became more and more acute as 
‘physical difficulties of ‘undertaking n new projects progressively increased 

the elimination of the smaller and easier developments. Recognizing 
these facts and the | interests of t the people at large in the irrigation develop — 
of the Weste rn States, a Tovement was started about thirty years ago 

2 to to adapt the laws to the handlin of the the proceeds of the public lands in such 


a manner as more effectively: to encourage ‘their developmen ent. 


F 


ae y In the Middle States the Homestead Act was effective tt sett tling ane 


4 developing the country under the conditions there - obtaining. he 
4 


was given, as a resident, 160 acres of land on condition that h e develop . i 
4 and build a home. The clearing, fencing, and cultivation necessary were ae 
made effective by the climati¢e condition under which a single successftl 


be made through the efforts of one e family without the co-opert- 


and labor was required. fat as “frrigation from smaller streams could be 
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was but the attempt became impossible when to the difficult 

enterprises: requiring | large storage reservoirs, expensive d dams, canals, tun- 
nels, flumes, and pressure pipes. s. The same theory, however, could be adapted 


be devoted to the development of agriculture the arid States, as well as. 
ia in the humid ‘States, if the Jaws were properly drawn for, this purpose. 4 
This w was the intent i in. 1902 when the | ‘National al Reclamation Act was 
fi - passed appropriating ‘the 3 receipts from the sales of public lands in the six- pee 
t teen V Western States to the construction of ‘irrigation ¥ works in that region. Its — 
“avowed purpose was to. construct the larger. and more difficult projects s which 
incapable of development through private capital or district agencies. 
bh the selection of projects under this law many 1 were rejected o on the ground 
that they were small | enough: and easy ¢ enough for successful handling by os 
“private enterprise. In ‘some cases this proved to be a mistake and projects’ 
Bejected for this reason were undertaken after a had demonstrated that 
could not be successfully developed by private « enterprise 
Under this law, twenty-five projects have heen :develoried,. in 
full water su supply being made available for nearly 2000 000 — acres of land, 
furnishing homes for 30000 families, and a supplemental water supply for 
1.000 000 more, oF nearly 3 000: 000 in all. 
a To accomplish ‘these results reservoirs have been built with an aggregate 
* capacity of more than 10 000 000 acre-ft. ; 15 000 miles of canals and ditches 
3 have been constructed; 108 tunnels, a eewregnthig about 150 000 ft. in length, 
oh have been built; structures on the canal, etch as drops and turnouts, aggre- ee 
el gate about 126000; more than n 9 000 bridges have been constructed ageregat- 
“ye ing 217 000 ft.; 11000 culverts have been built, aggregating about 400 00 
8160000 lin. ft. of pipe: have been provided; nearly 4 4000 flumes, with 
a total length of 750000 ft., have | been supplied; and about 1600 buildings 
for offices, power r plants, pumping ‘stations, barns, and storehouses have been — 


constructed. In ‘connection’ w: with thi is work, there hav ve been built 88 iles of 


f to this construction ; that is, the values residing in the public le lands could 


performed has involved the of more than 200 000 000 cu. yd. 
> of earth, and nearly 50000000 cu. yd. of rock and indurated material. It 
has required 3500000 cu. yd . of concrete isa a somewhat larger number — 
¢ of barrels of cement. Incidental to this work, a few power plants have been i 
built as by-products of the storage development, the proceeds of which were 
yh the water users on the projects. These plants have developed — Me = 
4800 h.p. of energy and have required the construction of about 1500 miles 
ae line to transmit the electrical energy to the - point of ‘use. This p power ee 
_ development, scattered: over many projects, while small compared with the 
— abgregate development, has been an importan nt factor in the comfort and 
_ prosperity of the settlers, being mainly» used in the homes and towns devel- 
~» The total investment in National irrigation has been about $190 000 000 
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de heli only National con- 
— invested for their benefit. It is believed to be the only National con- oe 


DEVELOPMENT 


struction, Panama ‘Canal, which made such large returns 


cash value of the be five: projects 
_ gates more than $50 000 000, even in this period of agricultural dene, 
and, in more prosperous times, has approximated $90 000 0¢ 000, as in 1919; Vig 
itis safe to state, therefore, that the product of three years exceeds the invest 
‘ment by the Government, and the aggregate has been more than 
$700 000 000. The estimated increase in land’ values, directly to 
“: gation 1 works, is $600 000 000, or more than three times the investment. The 
*% law requires | the return of that investment, with the exception of the money 
on projects 1 bu ilt ‘or com pleted, and vnider 
the liberal terms offered by the Government and the long time for Te .S 
on ment, , this, in ‘most cases, could be done from ° ‘the products of the lam cept 


for the propaganda’ ‘agaizist ‘such return on the part. of opposing 
Whether such propaganda ° will succeed i in its endeavor to wreck the irrigation 
5 enterprise remains to be seen, but the values have been created by the com- 
FH = bined influence of Government investment and the activities of the indus 
trious farmer, and they have added to the wealth of the West what practi- 
 eally amounts to an sdditionsl State in value and in product. ; 
Ps From the small beginnings described, irrigation has become an importat 
- factor in nineteen States and is the diintaant form of agriculture in eleve i 
Western States. These eleyen States contribute more than 20% of the value a 


of all crops in the United, States, producing an per 


States i in which it was received from ‘gale of. public lands. in- 
an entirely foreign element into the consideration of pr — 


than as one to be allocated in alee, with the business merits of he 


various projects. ‘This i i nfluence | Ted and inevitably to the selection — 


In the promotion of projects 
in such promoters ‘dwelt mere on rights of. the State to use 
the fund than on the physical, merits of the project a advocated. 
4 eS This provision of ‘the law was repealed in 1910, but not until after mos 3 4 ; 
ie of the projects had heen selected and construction started, and a feeling of ie 

proprietorship chad grown m up in each State concerning ownership. of the 
Reclamation Fund. ‘There have not been wanting, those who argue that. the 
“Moneys, received in a, given State from the sale of public lands naturally 

, . belong to that State to be invested there, irrespective of the merits of the 
Proposed investment, and this ‘spirit continues to prevail about as’ strongly 
ead Recently, efforts have | been made by public officials to o induce or rioedeias the: 
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gation enterpr the selection of competent settlers 

fs 4 of supplying them with the 1 means of i improving and properly equipping their 
me Ceals so as to put them on a on a paying basis. Such measures have been J 
fully carried out in some foreign countries, and probably with proper super- 


-yision the same might have been true in America. at The agitation for relief 
4 from payments has made such progress and ‘received 80 so much encouragement 
in official quarters tha that it is doubtful whether collection could be enforced, ich 
such measures | were ere adopted. The involvement of the | State i in. the respon- 
sibilities for the success” of the projects. in its itself is. an excellent idea and 


would contribute greatly t to their on “aged ‘noitalagog 


2 E. Grunsxy,* Past- Presibent, Am. Soo. 0. E.—That water is the 
tion’ most valuable natural’ resource requiring conservation is ‘coming to be 
‘generally recognized. In the matter of the volume of supply Nature has been oe. 
F generous, but as to o distribution to the various sections of the land and as to a a 


dependability as regards the time of availability considerable improvement od 
might have been suggested. ati, ai oredr. 


a - Wherever the human race has established itself in 1 permanent settlements _ 
water has been needed ; ‘first of ‘course, for « domestic purposes; for ‘drinking 
man and his domesticated animals; for bathing; to 


tain and snow as to time and place, coupled with the orographic features 


of the surface of the earth, has resulted in great diversity of stream flow, > 
- and, therefore, 2 as soon as the demand for water exceeded the supply of i — 


lal spring, stream, or well, the newer problems of control, regulation, and ae ve 
diversion of flow—in other words, of conservation—have been introduced. 
The early problems of water utilization were simple. The wants of 
— Sparse population could be supplied without regard to economy of use. Fre 
EE a small part of the ) supply has been, or still is, sufficient to meet fairly 


ay £ 


well the needs of the dependent - people; ‘but population is growing at 


‘mendous rate—in some countries” at m nearly a geometric ratio diminishing but 
slowly— and with this increase comes the insistent ‘requirement, : although ‘not ¥ 


always clearly expressed, nor yet fally understood, that better provision be 


made by human agencies 3 to get for mankind the greatest possible good eS 3 


- Originally water, like air, was free to be taken by any one el ta jad eed 
x of it. Because of the ‘large supply as compared with the ‘small demand the = oe : 


ater right | had no value. Because early settlement was of necessity at 


- where water could ‘conveniently ‘be obtained in the desired quantity no elab- 


“orate appliances were needed to modify natural conditions of occurrence and 
ow, As soon as permanency in the place of living was ‘found to be desirable 
- the advantage of stimulating plant t growth by the artificial application a 


Sele was recognized. In some measure. first quar 
* Cons. Engr. (C. B. 
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It is is thet Works—whether early refers progress 


civilization or whether in more restricted sense to any particular region. 

oi must have been simple in their nature, easy of execution, and constructed s 

3 to achieve an immediate purpose rather than to fit into the > comprehensive 
plans of water “utilization 1 that later developed. is only natural, therefore, 
that” frequent occasion has arisen to find fault with the wasteful methods of 
‘control and use of water in those regions where the demand resulting from ak 
population | began to exceed the quantity that” was conveniently 

accessible an¢ and obtainable. Correction of established ‘customs and. practices 

has. not, always been easy. The : rights. of the individnal as 

the State. are not always clearly « defined. 


It seems fundamental that sooner later the  State— 

organization—must step in, and demand for water exceeds 

aa, the supply c or where it is 3 foreseen that such a condition is proximate, must ‘4 
a assume control and define the features of the project. for water conservation. Fa 
3 ‘The ‘most obvious step. to be taken in the case of the flowing stream is 80 80 to oe 

* regulate its flow by storage and related - works that ; it will render a maximum | 
of service and do a,minimum of damage. han 

“Meee In the United | States, where the w wise policy has prevailed of encouraging 

“private enterprise, generous provision has 1s been made for. the early develo 


ment of natural resour rees, including the use of water; and private. rights 


have been established and are generally recognized, which . do not, however, 
always comport, as they should, with the best interests of the country, | 
yale only. i in recent times nes that the privilege of utilizing parts of the public — 

_ domain for water storage i is coupled with conditions that make for for the fai fait 
"protection of public interests by limiting the granted right i ir n the matter o of a 
_ time. The indirect control exercised by Federal authority over the waters of ; 
lesser streams, frequently results in an invasion of the 


om ntrol stop and. State control. begin? > 

It.seems that wherever a right of way, whether for or for 
storage: ‘purposes, is required over lands of the public. domain, the 
has assumed a right of regulation and control which interferes 


The 


: s. There can hardly be any question . that, when n authority was first granted 
: 8 the Secretary of ‘the Interior to to permit the use. of lands i in National parks 


for which 
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—— set apart. This view unfortunately svile may and fre ares 
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afew acres of ground for water storage, purposes made by Congress 
pre 
» No one can read this law without deplosine the jnterferqnce of Co 
tters that should never have been brought before it, nor yet with- — 
feeling that San Francisco’s were unwise in accepting the 
jen shall the line. be drawn between control by the 
 eontrol by the Federal Government of the use of water in the flowing stream? 
No complete reply to tl this question will be ventured at this time, but attention — 
é: will be directed to only one > or two matters connected therewith. It has> 
“already: been stated that fegulation of stream flow is to obtain for 
‘community the | ‘maximum service from the water. Whenever a stream 
4 is an international « or interstate | stream the comprehensive plan < of regulation 
es and control should originate with the Federal Government, When, however, 
a: the stream < originates and flows i in| one State only, there | should be no inter- 
ference by Federal authority save only i in n the @ cases in which navigable “waters 
affected by. regulation. The devising of far- reaching; plans byt the 
“ Government and by the several State Governments. should be accepted asa 
_ fundamental duty, and after the adoption of any such plan, development — 
. whether r by the Federal Government, by the ‘State, or by private ef effort, should © 
conform to the adopted program, and, of course, to subsequent ‘modifications 
oR. It ; would b be well, wherever practical, for the State to take ‘charge of st stream 
4 regulation, to build the necessary reservoirs, and to wholesale the output. ~The 
Btate of Massachusetts s may be referred to in this. connection. In that State 
authority has been given to a Water Board to issue State bonds ’ 
‘which reached a highest limit of more than $40 000 000. With funds Tealized — 
from the sale of these bonis, storage works were constructed and main con- 
duits w were | built, Water i is delivered by them to Boston. and tc to about twenty 
eight or more cities and towns near Boston. The delivery is wholesale, each 
being free to arrange for the distributio ion of the wa water ‘to th 
ie as it sees fit. The | ownership | of the local distribution plant may be ; 
either public or private. As the interest and sinking fund requirements to 
meet the State’s « obligation under the bond ‘issue have been ‘fully me ‘from 
ty ‘the Tevenue resulting from the payments at wholesale for | service _Tendered 3 
by the Water Board, a tax or assessment has never been levied by the State BY 
a to this 5 water ‘matter. ‘Those who get the service have paid the bills. 
be No reason is apparent why the example set by the State of Maseachusetts = 
should not be emulated by the Western States where regulation and full use 
io the water s1 supply i is of vastly greater importance, because of relative scarcity xa oo 
and lack of rain, than in the New England ‘States. Recognition of this 


teed for ‘Government help the passage of the Reclamation 


—— 
“quently do su and annul the rights supposed to have been acquired 
x _ Attention may be directed in this connection to the so-called Raker Law as 
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he ‘United States. this however (perhaps 


appropriation. ‘The moneys realized from the sale of public 
were: e allowed to flow into the Reclamation Fund instead of going where they 
eid go—into the General Fund of the United States Treasury. This gave 
6 a number of the States a feeling that they were contributing inordinately es 

Bee developments i in other States. There should have been no reclamation law es 
until the country was ready to make a budget ellotaamns for a well-considered ies 
Again, in another matter, the only additional ‘point: to which attention 
will be e directed, the law set out to accomplish too much. © Partial regulation 
i of stream flow was to be combined with land settlement ; projects. No poor 
could be undertaken unless coupled with the subdivision of large land hold- 
a The Government, perhaps justified by the fact that it was giving #: lange 
shape of interest relinquishment to the land 


& 


expressing any opinion as the timeliness of this Government 
‘on land settlement plans, it ‘seems unfortunate ‘that Government | activity in 
the reclamation of land by irrigation was not yestricted to the storage and 

3 wholesaling of water: » leaving the construction of works fo for its distribution 


‘to the individual farm, pri: ate initiative, or district organizations, without 
onerous settlement restrictions. it seem wise now to take heed 
te of the lessons of the past and to separate land se ttlement enterprises from 
regulation of stream flow. and te welling of the water output. 
H. Newet.,* M. Am. Soc. E. (1 (by letter) ‘Widtsoe has givena 
broad, review of th the s situation, , developing | 80 many lines for discussion that 
is necessary to choose among these, s selecting preferably the one whieh is 


a 


2 


extension of irrigation development, ‘namely, the use of public funds i 


salle 


financing 0 ‘of irrigation development by private ca apital is 
the other paperst and discussions p presented with ‘that « of Dr. Widtsoe. 

bring certain advantages and difficulties, 80 that it is unnecessary to 
more ‘than refer to the fact that the g “great development of co Me 
ee eae through irrigation always has been, and presumably always will be, through 


“ te wise Use of individual and corporate funds, invested under ‘State Taw. 


a 


The Federal Government as such has relatively little concern w with these p pri- 
vate enterprises. In a broad way it may | be said that, a8 ‘pointed out by Dr. 


Tigation was ‘initiated by private 2 enterprise and has been ca 
wi 

Pres., The Research Service, Inc. Washington, 
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For every acre e reclaimed by the use of Federal as shown by the 
“Census reports, ten acres or more have been irrigated by private enterprises. 


7 ea district bonds and in other ‘securities than is being appropriated by 4 


Congress. Therefore, the question may be properly asked as to we any Fed- 
eral’ money has been or is being diverted for this purpose, also. whether the 
a jeasons that called for the imposing on the overloaded taxpayers of the addi- 
tional burdens of the costs © of Federal irrigation should be continued. bas 
© Public Lands. —The ‘argument for Federal reclamation of arid lands, oo 
4 pointed « out by Dr. Widtsoe, was based primarily on the fact that, at the time 
_ gitation was started for this Act, the Federal Government was the owner oe 


a of more than 500 000 000 acres of land, a small proportion of which, j possibly — 


| utilized in home-making. At that time, also, about 1895-1901, the larger 


“capitalistic enterprises, including those initiated under the Carey Act, for 
storing and distributing water to the arid lands were passing through | 
a period of depression. — ‘They had not paid, and neither the State laws nor ie 2 5 


1% or 2%, was. 80 located and of such character that it might ultim ately be 


YE 
ws prevailing practices 3 provided adequate safeguards such as to 0 render feasible ae 


aS © There were at that time also not only enormous areas of lands ‘which might a 
og be irrigated (some of it in ownership by the Federal Government), but but a strong a 
demand for these reclaimed lands. Population was still p pushing -westw ward 
and there were insistent demands for the extension of the principles of ‘the . 

_ Homestead Act. The easily tillable lands in Kansas and in other States of sg ey 
a Great Plains ins region had been’ taken UP, ‘but the tide of emigrants still ite Srey 
"continued to ‘pour into and through these se States, with the corresponding _ i 
that in some way or another ‘the Federal Government make available 

tillable farms, The only yay to do this appeared to be by providing 
water for some of the vast ‘extent of arid 


at that time there still remained ‘unappropriated considerable 


- quantities of water. flowing from the mountain areas, especially i in the jervel % 


that State State laws and the decisions the Courts were 
still in “a somewhat chaotic condition, and it was shown that unless: the” 
eral Government would ad te build some of the large storage works, an + 
far- far- “reaching plans, it would Id not be practicable to utilize effectively 
resc resources latent in the pr proper control and use of these s reams. 
“Under the urge of these conditions, especially the demand for more Tainds 


might be used as | hor mes for citizens, ‘anc e there was recogni ition on 


point where the majority of that here was a necessity 
and 8 duty. It may be pertinent to state that ‘this education of the public, ears 


initiated thirty years ago, has been ‘carried on on thoro roughly and effectively 
> to plant deeply i in the minds of the present generation the fact that, some- ae 
how, the Federal Government is committed to a policy of teclamation, even if i a 
conditions that ‘required it have largely disappeared. | 
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NEWELL on HISTORY OF WESTERN 


ae ue Federal intervention in shone local or State enterprises. First and foremont, 

it may be said that there j is no longer ,any considerable: o: body of, 
7 public lands. Of course, it is admitted that here and ‘there are many 
areas, u usually inferior in character, ve been over or 


1 1901, to; 193%, 

iz the ot or public land States, 344 000 000. acr acres, leaving 
as unappropriated | and unreserved, possibly open to homestead entry, not ‘ie 

ya 190 000 000 acres, practically all of which is ‘rough mountain lands, mainly 
‘scenic having. little Vegetation, although susceptible of use 


in wet J years as open or free g grazing. bite batadul saw 
greatest change, however, has been in the cessation of demand 
‘irrigated or lands, accompanying the general decline in 
tural ‘Population. Instead of a steady Pressure for more homes on the he land 
there is a tendency i in the other direction, ‘Thousands of families are g ‘going 
_ from the country to the, city or to centers of industry where the e earning power Aa 


of the individual is far "greater. ‘Millions of acres already reclaimed by inti: 


a and drainage are awaiting settlers. | ‘The « owners or managers of these 


tracts are moving heaven and earth to, get people who will live 


the Jands either as owners or tenants; they are offering conceivable 


The main question brought out by ‘this presentation of the history 
e problems of irrigation development in the West is as to. whether it is, now 
33 oS wise and desirable to continue these « efforts to reclaim more. land and to attract — 


settlers. The answer involves the further question, as s to. whether, all 


taxpayers should be called on to spend more money, adding directly or 


rectly to the present burdens of taxes—such as. must f follow from efforts, of of 
4 Federal Government to to get more settlers to occupy lands i in the West. ra 


_ Subsidy. —It is assumed that it is a proper function of the F ederal Gor- ee 


te 
to use, its money and influence e to bring abou out the ‘most complete 


development possible of the “Western | or “public land ‘States, even if most. of 
public, lands have been converted. into National Forests, or otherwise dis 


y This is. a policy that ha has been _accepte ted for a generation. Assum- 
B Ing, however, that ‘this i 1s correct, it ig of great importance, to all engineers and 
' Ss economists, ‘as well as to all citizens, to consider the limits to which the Fed- 


Government, co-operating possibly wi th the State governments and 
aoe OF district authorities, can and should go in offering subsidies or in giving 
to the the land owners: in the West, in order to secure the desired culti- 


vation and use of their lands. 


aaa may be urged in tl this | connection that the Federal Government is not 
appropriating the m mney of the taxpayers but on ‘the contrary i is using, special 
funds derived mainly from the sale of ‘public lands. This, however, is ‘merely 


“begging the issue”, as Congress diyerts from the Treasury to the Reclamation « 


_ * Reclamation Record, January, 1923, 
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HISTORY OF WESTERN IRRIGATION D DEVELOPME! 
“Pind certain gums ‘which otherwise would go into “the Treasury and wie 
Would relieve the taxpayers from a corresponding bur den. 
original Reclamation Act, signed by Roosevelt on J uly 
1902, ‘set the limit of this Federal ‘subsidy or bonus at ten years’ exemption me ; 
from payment ‘of interest. These debtors to the Government for the water 
which ‘made their lands valuable were to be ‘stimulated | or encouraged totake 
2 Zz the Government land, freely given to them, or to utilize other lands pur 
chased by them. It ‘was believed that this exemption from interest payment, ay 


with ‘possible freedom taxes on ‘the unpatented — 


a of fact, ‘this ten | years was in addition toa considerable 
during which the reclamation works were being completed 


the use of the for, say, years, and at relatively small expense. 
in fact, all large reclamation enterprises, with a few notable exceptions, — 
pe be subsidized directly or indirectly. This is because the land when ulti- i; 
mately r reclaimed and settled does not have an economie value ‘equalling the 
Rost of reclamation and other work put on it. These subsidies coming to the 
_ land owner may be concealed under many forms, but they can always be found 
by careful analysis of of the total original cost and accrued interest. Much of 
this subsidy. i in of private enterprise is in the nature of failure of the 
- original investors. The stockholders and even the bondholders of most a 

= large irrigation enterprises lost heavily, the works bu uilt by them as “invol- 

- untary philanthropists” were ultimately paid for at less than cost, this loss is 3 
_ being practically the equivalent of a bonus or subsidy to the land owners. “a see 

this. condition, the Roosevelt Reclamation Act was adopted under 

the belief that this ten-year exemption would be an adequate reward to the 

dand owners. It is now generally believed that this is not adequate and the 
question that confronts the engineer and economist, stripped of 
4 the emotional, political, and other side issues, is simply “How large a subsidy eft = € 
should. be paid to induce reclamation cultivation and settlement of waste 
hands What are the limits that should be set” 
; st With ample f funds and no limits set to further bonus or subsidy, it is pos- ia Pe 4 

oe sible: to carry out any of the projects now proposed. If, however, it is decided — ms 


that the bonus or gifts to the land owners are to be limited, then only a a few 


the more desirable of the proposed Federal projects may be safely under- 
ingenuity and almost endless oratory have been used to obscure 
this simple fact. The politicians have succeeded in creating a smoke screen Cp. e:; 
of sentiment, involving social and political considerations. Dust is thrown 
‘the eyes of each investigator and every effort has been made to divert 

his attention from this, the real issue, ‘namely, ‘not what will be the first cost — 
a but what will be the ultimate contribution to the land owner on the project. — 

The benefits of reclamation, great in themselves, have been ‘magnified or 
Sentimentality has run riot, distracting attention from the ¢ 
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be donated by the taxpayers directly or indirectly .ar and how does thin 
compare with the ultimate real value of its benefits to the land owners 


the fact that. the liberality of the Government in giving ‘this. bonus 
subsidy is not conferred on the public o or on large group of people but 
a a limited number of land owners. These owners may or may not be a 
water users, or farmers. The reclamation works built at Government, expense teh 


provide water only for certain designated tracts. Iti is only through | the wie 


a use of these particular pieces of land that benefits can come to the Public. at at eh zi 


large. In a sense the whole question is in the control of these. land owners, 


saa the case of subsidies granted by the Federal Government for hard roads, At 
fe a ‘it is usually understood. that these roads. can be used by any one. In the case ae 


a3 of i irrigation works, the reverse is true—the 1 use of the water must be narrowly a 
ee to carefully defined areas. if, the owners of these lands do ‘Rot, utilise BS 


sponding. loss.” such loss, it is now proposed to exercise a still 


2 larger or more drastic control of these land owners. . bre’! hort 
it, t should be kept clearly i in n mind that the actual cultivator 


ae. a tenant or if he is trying to purchase a farm from one of the men who ma Bz: 
tained it practically for nothing from the Government, his burdens may be : 
eat increased for the reason that the original land owner, or the speculator 
who has purchased the land, places an exorbitant price on it because ofthe 
- assertion that the Government may not collect the debts. =) pm 
a Few students of the subject contend that the Federal Government should ty 
not subsidize reclamation in some way. This policy is now well established 
— «dtis almost taw waste of time to discuss its wisdom. It is, however, of the great- 
est. importance, for the continuation of reclamation, that the fundamental ae 
Zs a. facts be faced clearly and that engineers and economists join with other citi- es 
zens in the attempt to define the limits and the methods of the necessary sub 4 
ae a sidies. It will then be possible to consider in connection with each of the oR 
Tre an posed reclamation projects whether under present conditions it will yield as 
a ay large or as valuable ‘results to the public as a whole as might come from the ee 
In 1902, when the original Reclamation Act Federal’ 


=) 


years in creating opportunities for homes or lands” as needed by its 
citizens. These: conditions are now reversed. Aly 
_ _Repudiation—It was freely predicted in Congress and elsewhere when the : 
ee Act was. under discussion that in one way Or another | the land 
on who ultimately would become beneficiaries of this Act. would: ‘endeavor 


to. their debts to the or in Enough 
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NEWELL ON HISTORY OF WESTERN IRRIGATION DEVELOPMENT 
anid to make the advocates of F ederal reclamation 
on th this point and to cause vigorous protests of good faith; nevertheless, within. 
; ne 0 years, and before substantial |’ repayments had been made, a vigorous and 
vist ae successful effort was n made to to ye the time of non-interest payment from — 
Fz 10 } to 2¢ 20 years. - It was followed by other demands for extension of time of : 
payment without, interest » to 40 years, 60 years, or even to 90 0 years. hi hin 
When the first ‘Extension was under. discussion in; Congress it was 
“urged few far-seeing engineers and economists. that, although i it 
within bounds ¢ of reason to] permit 10 years to elapse without interest, pay- 
ment, yet after 10 or more nearly 15 years of settlement of a Project, then Bis 
th e land o owners could and should pay a small interest, 33 to 24%; OF ‘whatever | 
a the Government was pé paying at that. time for the money, | which, in a sense, : 


borrowed to replace the amount invested in these reclamation. works. 


suggestion Was NOt accepted, shod lige 


e success of the advocates < of the Extension ‘Act stimulated activities tee 


fe al | along: the line among the men who believed i in whole or partial repudiation. oat 
“They pointed « out that the Government was expending ‘millions of dollars, which - ae 


did not expect to recover, in the way of levees or protection works benefiting 

other agricultural lands; that it was spending hundreds of millions in, hard 
and that a single battleship built ‘and destroyed without use cost. more> 
than a great irrigation reservoir or completed project. It Was feelingly urged eat a 


that the set tler on the Government project had to endure all t the hardships 
of pioneering and that, in a certain sense, he was performing a a public a 


_ tion in aiding to reclaim | lands and in ‘making his home in a remote pa oe. 


the country. For this, he should be rewarded by being excused from a 
oF possibly from the whole of the amount owed to the Government for the f eae 


With every session of Congress t these requests for further relief are 
pressed. condition is such that although the immediate beneficiaries are 
in number an almost infinitesimal proportion of the farmers and | land own ers 


ASS 


We the country, yet the petitions and cries for relief ’ for these “wards of eS 
Government” obstruct _many other measures of importance to, all citizens. 
Limit of Subsidy—This side of the picture is presented in order that a sa 
@nsideration may be given to the limits which should be set for ‘the time a 
and amcunt of the subsidy or bonus to the owners of lands reclaimed by . cs 
overn’nent. Assuming it is a settled policy that such subsidy must be given, 
nS eet. or indirectly, in order to induce a larger settlement of theGovern- 
ment projects, the lowest limit of t this bonus or subsidy was that s = 
_. otigiual Reclamation Act as 10 years’ freedom from interest. The tension — = 
i The estimate of this. subsidy or cost to the taxpayers of ‘the Nation this 
a been discussed by officials of the U. S. Department of Agriculture. For ex- “a 
“ample, on Salt River, Arizona* (probably the most successful irrigation project 


of the Government): ois tesa edt ai nerve 


The announced charge for or water is is $90.00 per acre.’ Water was 
a" me farmers 11 years before payments began. In the ‘beginning of the “ape 
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cre, to ‘ache farmer 
the River Valley at the time when the will consider his 

Enthusiasts may justify this expenditure and dwell on the benefits’ to ¢ te 

United States, but, while adorning these facts with flowers of rhetoric, they 

must not forget that behind the roses are the thorns: of hard fact, farted “ 
ae that the . taxpayers of the country have had to pay, in ‘real money, ¢ deftly talon 
tid Ber their pockets, this enormous sum. On less favored projects even . 
4 


amounts, as pelted 0 ut by of the U. S. Department of Agri- 


- culture, must be paid if similar conditions are to continue. a _ These facts should wld 
helps resented in such a manner as not to alarm, but to stimulate e action along 
lines which will bear the most careful scrutiny. ¥ 


An 


After facing squarely fact that an enormous but ‘partly co cealed 
is being paid to a relatively ‘mall | body “of owners and wei 

advantage to these land owners and ‘to the public, the people 
sider on their merits the new which may be presented and 


demand still larger ‘subsidies. _In such consideration should be kept in mind 


the fact that Private or corporate capital undertaking reclamation enterprises 
ie do ot ask or expect any ny large b bonus or subsidy from th he gen gener ral | taxpayers, 


the new projects or extensions of existing projects tikely to be of suf- 


Glini value to the taxpayers” of the country to o justify their construction, is 


4 } a. taking into ‘account the fact that if b bi uilt by public c capital they must be heavily 
gubsidized, also that there is a strong ‘and increasing sentiment ‘toward 


tion under various guises? Congress 1 must answer, 


Wd 
Owners. —Dr. Widtsoe has pointed out that i in all this work, whether 

er by private or - public initiative, the man to be considered is the man on fhe bs 


wy 


iw 2 tradesman, are all necessary, , but souiparet with the water user are of secondary 
rank in bringing irrigation development’ to measured. by the 
4 a vba is true; all consideration should be given to the real home makers. = 
yes —- Nothing should be too good for the man and especially the pioneer woman; ‘a 
a r a but it is proper to. ask whether the plans and policies proposed, if carried out, : 
will redult in real good to this relatively small class of people, selected some: 
aos: _ what arbitrarily from the great mass of other pioneers and farmers. Doss 


not the well intentioned, the persistent offers of 


generous Government on ‘this. small class of ‘yloneianl4h there i is a tendency to 


confuse two of individuals and to — 


¢harge to 187.84% o to $169.06; and at thevend name 
— 
of 
"mere 
to hi 
bea 
d 
— 
ont 
— 
— that 
a 3 
ral 
mo! 
bet 
| 
del 
qui 
be 
i present generation, or even in the next generation, seems possible 
— ery the door of repudiation, so temptingly held open by the local politicians} = 
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ON HISTORY OF WESTERN 1 IRRIGATION DEVELOPMENT 107 
ame | sestarmer”' various kinds of people who may or may not be actual water — ihe 
users OT residents on the land. The public appreciates that the farmer i is at ‘the 
pase of civilization Popular sentiment “supports any measure that seems 
F f benefit t to him or that he thinks may help him. 1. Everything he really ie, 
be o 
peed must, of course, be given first consideration but, in the case of the 4 * 
Government projects, is it really the farmer who is most conspicuous in & 
4 demands Not every land owner on a Government project is a farmer. 


mere fact that a man owns one or more farms or farm units given to bie s. 


this p predecessor by th the Government does not make him a real farmer, 

the land owners on on Government projects, who for the time are th the imme- q 

diate and direct beneficiaries of the liberality of the Government, theoretically 

may may be called farmers. Through a a ‘strict enforcement of of the law they ‘should 


be actual residents and water users; but the fact has been brought out again 


on the farms, made tillable by the use of Government funds. 
have been discussed particularly it in Congressional hearings,* which showed “oa aa 

fr that these land owners represent every conceivable occupation running through % ae 

alphabet from actors, architects, and artists, ‘through the “butchers, 


bakers, and candlestick makers down to undertakers, watchmen, and yard- 


project is: “For Heaven's 8 sake give us less advice, but get ue 


a Dr. Widtsoe’s summing up of the means of solving the irrigation problems AM 
ate those which may well be applied to any capitalistic undertaking: First, 


in the enterprise; second, study of its needs; ‘third, diffusion and 


to upward of 40 per cent. Now the cry ‘coming every 


imdertaking; and, “fifth, training’ for leaders, with = 
_ @eonomics and law. All must agree with these conclusions as thus broadly oe tn 
In their application, they reach” into th the much 


| up the problem as far as the Federal is concerned 
ee to the limit of these direct or indirect subsidies and of the extent to which 4 
iit can Properly or wisely interfere with private » enterprise and go into busi- 4 
paralleling or rivaling that of corporations and individuals. ‘Already 

ong reaction has set in against the Government plunging into new schemes, _ 
because as yet no limits have been set to the subsidies that will be demanded. ; 


it has not seemed set any limits when once the original 


‘ities some of the of Congress have taken in the now fairly 


_* Before Committee on Irrigation of Arid Lands, H. R., 67th Cong., 8. January 
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well established “fifty-fifty” cule. They frankly admit that they see.no defense 
against the assaults of the subsidy ter Nas In their despair. they call for bell 


help of the States. the people of f any | State, its Legislature, an 
will ‘go “fifty fifty”. with Uncle. ‘Sam, as in the ‘case of hard ro 
er cneniaies to do t their part in any reclamation enterprise, then the coma 


en can n afford | to g go i As Sa | matter of fact, however, privately. they damit, 
there is little of any | State doing this because the.local peo 


are too well informed to be willing to venture their hard- earned money ° x 
Government reclamation scheme. They a are perfectly willing that generous 


- Uncle Sam should spend his money on their State but ‘they are not venture: 
ae enough to risk s ‘spending th ‘the money taken directly from the taxpay 
ete own localities. Already they cry that the State and local “text = 

is too high and they cannot see why ‘they should contribute money for the 

-betiefit of small groups of land owners, ‘vet through entering into ‘a pa 


% 
with the Federal Government. 


Pn While engineers and economists may not go so far as to fully agree with 
clusions stated* by the U. 8. Department of Agriculture, ‘iamely, 
tliat’ “there fs ‘no justification for a National subsidy for land’ reclamation”, 
yet as citizeris to whom the publie may turn for advice,’ they should con- ma 


sider carefully a nd impartially the limits which may be set to such 
sidy) balancing the gains to the public. by the development and use of waste 


lands against the cost or ‘increased taxes to the public. The ‘Federal Govern 


* 


we 


Aa 


as before stated, is definitely ‘committed to the general principle of 


offices, the building of roads. and other highways, the “maintenance of 
navigation, and commerce between the ‘States, as’ well. as the. building of 
de evees in connection with such commerce, the main value of which, however, 
is in the protection of certain agricultural lands. It may well. be argued i 
that the providing of opportunities for homes on are now waste 
and useless can and should be a matter of National consideration... _ All are 3 
agreed that. plans should be prepared and funds made available within proper . 
limits for reclaiming these lands. as rapidly as there may be an actual neat 
for them in, providing prosperous homes for citizens. Brit ony 
_, The question of greatest concern is not ot whether a subsidy or benmal 


- this particular way. of subsidizing a small group of land owners is the tt ‘i 


the largest benefits to the great body of 


». Because: of such conditions, it is urged that local or State co-operation 
and support should be forthcoming. If the ‘Government is to spend, say, 
—_— $150 000 000 in reclamation works to . make available in the future 

homes” for citizens, it should be considered in 1 the broadest 


subsidies given directly og to certain public needs, such as post 
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NEWELL ox HISTORY OF WESTERN IRRIGATION | DEVELOPMENT 


ote not & fact that lands can be reclaimed or made available for home mak 


throughout the United States at less cost and can be occupied and improved | . 
less hardship and uncertainty than in the case of the new irrigation” 
a Not only is this : a fair question, but it is one which it is sthe 
of every broad- sminded citizen to consider. 102. VA OLAGMA 
The history of t the ‘projects pointed out by Dr. Widtsoe i is full of instruc- a. : 
tion and warning against continuing | as at present. illustrates among 
- other things that although the Federal Government is a good spender, it. is is iy 
about the worst possible. collector. fact, it is generally recognized that 
Sam ce cannot, get back. from . citizen debtors any. very, large part of 
a the money owed to him, whether this is for public lands or for seed grain. 

hh discussing plans for Federal farm loans or other advances, it is asserted 
that there would be little hope of getting. back « all the money advanced 
for | loans if the public was not _well informed of the fact that the money z 

thus loaned did not belong to the Government but, in- turn, was borrowed 
The plan which past experience shows may most likely to is 


that which utilizes the « experi nce = the Federal Farm Loan Banks sand aoe 4 
ilar institutions. — Assuming that the Federal Government should subsidize 

~ the reclamation of waste lands, this subsidy may well be confined to the first — 

ten ‘years after settlement and be limited to loss. of interest on the, 
ment. At the end of ten years, when real property values have fnorbased, & “Sy 
the owners of the lands that have been reclaimed and cultivated during that 
time should then be required to give to the | Government what may be a 

: sidered a negotiable mortgage, for the repayment of | the cost of reclamation, - & 
with a small interest charge—no more than that paid “by” the “Government 


or the money it is borrowing—plus, say, | a o tnetalinient. on the principal | 


he best. way ‘out such plan will doubtless ‘be to have incor 


a porated under State law in each locality a Reclamation District with 
make contracts: ‘and levy” taxes. The bonds of this District may 
received by ‘the Federal in n full satisfaction of all expendi- 
tures; at a suitable time these bonds may be put on the market and sold Bra + 
for what they will | bring, thus closing ‘up the entire transaction 
Government is concerned and relieving Congress from the 
‘As a compensation for r the benefits to the whole country, the’ 
‘may well assume the loss of ten years’ interest or more on its investment 
also the discount in selling the bonds. Careful consideration of ‘such 


‘show that will be far Tse than under the: present system. 


ree 
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| holders are likely to be conducted on fairer and more business-like — Pe 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


Society 1 is not sot ‘responsible for any made or opinion expressed 


KS Bes THE FINANCING OF IRRIGATION DEVELOPMENTS BY 


Wire Discussion By Messrs. Joun E. Fiexp, Etwoop MEap, F. H. New 


Boe _ The substance and the conclusions of this paper are largely the result of Bs 
in solving the problems: of ‘the 1 ‘Twin Falls (idaho) North. Side 


The Twin Falls North Side Project i is one of the large projects of the West, 


BS covering 185 000 acres of irrigated land. a In ‘the course of this work nearly, 
 ihimep quite all, the problems peculiar to irrigation have been encountered, — 


mong them has been th the e question of a water supply for the the 


‘The question of an adequate water supply not only affected the “North 


Side” but to more or less degree most of the projects in n the Snake River 
Valley of Idaho . The solution lay in building a large storage r reservoir at 
American Falls on Snake River. This was ‘joint enterprise, participated — 
by many, including the U. Reclamation Service. To secure the required 

funds, the North Side and other near-by projects, covering about: 450.000 
of irrigated land, organized themselves into a quasi-municipal district; 
known as the American Falls Reservoir District. This District entered into 
. .. contract with the United States for the building of the reservoir, and for = . 
800 000 acre-ft. of storage capacity therein. It issued its bonds 


ae * Presented at the Summer Meeting, Salt Lake City, Utah, July Festi — 
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NANCING ‘ov TRRIGATION DEVELOPMENTS 


000 000 cover the « contract and paid the money to Government. 


It be noted that the lands were irrigation and that 
construction was required. The whole object was to remedy a de- 
. fective water su supply. For this reason the bonds of the District—6% sold 


: readily at par r and a small premium, the country served being already gener- ne 
Many r problems have for’ solution in the course 


a. aC Practically all the public domain lying in the humid area suitable for 


is now to a ahem extent devoted to farming. ce te | true that much of ‘it is Be 


capable of increased production, the necessity of which has for ‘some > time Me Ms 


engaged public attention. There are limits fixed by cost which for the present 
the extent to which the ever-growing need ; of the may be ‘sup- 


. It has been found that th arid lands of many parts of the ‘West posits 


Bi. wonderful fertility, and where irrigation was practicable large areas have been ae eh 
devoted to agricultural production. It would be interesting to inquire into oo 
the results already secured, the wealth produced, and the ‘influence on 


supports large ‘systems of 


at the food supply of t the United States. “Therefore, it ‘may be oe a 


Recognizing all this, are hess with the 
how shall irrigation development be financed. Shall it be by private capital 
or out of public funds? To what extent is it prudent for the Nation to — 
in ‘any business enterprise? Should the Government participate | in, and ¢o-— 
_ operate with, private enterprise and capital in the work of land reclamation? — 7 8. 
“ey “Where the e land to b be reclaimed is in Private 0 ownership, and where there - 
ise a near- by source of water supply and the problems of reservoirs sand 
interstate streams are not: involved, clearly such work should Wik 
e rise of the owners of such lat nds. Pra ctically all the | earlier | reclamation — 
work related to such conditions was undertaken by those directly interested 
and was financed by private capital. ~The growth of’ such work led to the 
‘enactment of laws by most of the States, providing for the creation of irri- 
- gation districts of a quasi- ‘municipal character, for the construction, operation, 
financing of irrigation systems: to ser ve the lands within such districts. 


“2 kh this manner provision was made for the reclamation of larger bodies of 


— 
= 
other projects, have led to the conclusions contained in this paper. 

— 
— 
3 
AL 
railroads. makes a market for manufactured 
— 
: ___it should be done at such times and in such areas as will fit in with the chang- ' i 
Wie 

| 


as time and experience me shown the. necessity, pear of the work of — 


mation under private. enterprise and capital has been accomplished, || The 
_ under this system have not been. uniformly successful, and much logs 2 
capital and effort has resulted from lack of proper: knowledge of the real 
merits of the project, or its true cost. The losses under this system, however, 
were not inherent in cornpenmies, to the system, but were due to the same 
‘Preventable blunders: and ignorance which produce in all miteon 
ee Can private capital be reasonably | of safety i in any irrigation enter 
Theres ‘are. certain questions that must be satisfactorily answered before 
any Project sh should be. undertaken. | « It seems strange to one 1¢ looking back over — 
the failures in this kind of work to find how little attention was paid or study 


given, to the’ work undertaken, a most casual investigation of which ‘often 


relate to the time of ‘the ‘Changed « 00 
2 ditions may make desirable i in the future that which would now be unprof a 
able. Satisfactory answers should be required and d proof offered. ed. as to each 
am of the. following questions. If doubt exists a as) to: any one, time should be 
eS taken to clear it up. Practically all the problems, formerly more or less hid- 
dem: have come to light in the disasters of existing irrigation projects, 
that knowledge and information, once guessed at, are now available. tual >. 


1s the land to be rec 


laimed sufficiently fertile and. its soil structure 
such as to produce valuable for an indefinite ‘Period, withont: resort to 
excessive cost for fertilization? 


8 Ts the surface of the land such as to. | permit of its irrigation without Z 
wo too ‘great expense, having due Tegerd, to the class of major 


for w 3g 
it is s adapted? off. of 


8.—Can the land be readily. drained at reasonable cost, so as to prevent — 

‘ita, becoming. swampy or alkalied, after r repeated | irrigation Sisniveis me 

ae _ 4.—Ts there an adequate fe supply. of water available within a reasonable dis- 
oor tance § sufficient at all times to supply all the land i in the Project with the quan- 


+. 5—Can this water be diverted for this purpose through a canal system 
Fz 


can not only | be built, within reasonable cost, but can be 


q the project so located with reference to transportation ets 
to: offer, an for tte its farm development? if 


wing a common need of irrigation fwater 
ip, but ha the sam ad (ihe 
land in diverse tion system and. from beton ad 
the 
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FINANCING OF IRRIGATION DEVELOPMENTS 


there’? present market demand e products for which such 
id is naturally adapted, that under ordinary conditions would make the use 
of such land profitable to a farmer of ability and means 


_))@:Will the entire cost of the work, including the time required to secure 


- settlement on the land, plus are reasonable profit, when spread over the entire 
area, be such that the acre cost to the farmer, , including the original cost of 
the land and its by him favorably with the cost of a 


in the humid sections, having due regard to character of ‘crops! yield) 
A OTs 1 the - project 80 o financed to the farmer that it will attract the man 
of limited means to locate thereon with assurance that he can 
his obligations promptly edt to bas stom 3 


i There are other questions that ee enter, into each particular project no 


common to all, ‘but. satisfactory answers to e each” of “the foregoing should be 


made before venturing on the enterprise, and when’ these are had, then capital — 


may safely undertake such’ development. iT git 
~The writer wishes particularly to dwell tee ‘of tt the ‘fun 
The question | of water ‘supply i is one : of the most common errors and has ca 


more loss than all the others combined. _ The e discharge of a given water-shed 
uniform. There are years of high stream m flow and years of a, many 


‘Then, agi ‘in, there 


| Project. Too ) great care cannot be exercised in obtaining accurate ae 


on this ‘subject. ‘Many old ‘project: 8, which were assumed to have good water ty 
ights, are now finding it necessary ‘to build Orage reservoirs in order that — ies 


ood waters may be ace umulated for 


“Then, again, experience has” shown that no man can with exactness fore- i 
tell what the transmission losses in a canal system will be. So much of the 


water diverted from the stream may be lost in transmission, that the quantity 


reaching the farm may prove inadequate, requiring the area of the project to 
be reduced with the attending loss ‘of investment. = Peculiarities are likely to 


develop in the canal. system, ‘which ‘could not be reasonably anticipated, limiting 


the farm deliveries. | The question of farm duty of water Cannot well be accu 


ea On the other hand, it is known that as a farm ys developed ‘and reaches 
4 tage of good cultivation, as the humus content i in th soil j increases by 


vegetation, as the farmer imself acquires greater knowledge the use of 


water on his. land (which can only come with h time), ‘and as a greater diver- 


is Peanired bos 


sification of crops is grown on the project, less water is requir overcome 


$j 


Therefore, the writer has long the conclusion ind 
tion project is more or less a case of evolution. At should be # 


By 


aim of irrig ation development. No irrigati on 
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| ee but the exact limit of its ‘growth cannot be known at the , 
good. judgment t to. finance irrigation development wi! with a a due regard for 
=a a , Another class of irrigation projects and their relation to private capital 
it 


and some of their problems will now be discussed. In most 


; involving the use of ‘much capital and the solving of 80 ‘many 
‘a that private capital and enterprise hesitate to undertake their recla- 


mation. . Without taking the time to review the history leading up to the pas- 
sage by. Congress of the Reclamation Act, the Carey ‘Act, and the ‘Warren 
= a Act, a brief statement of the reclamation work undertaken in 1 consequence — 
of these » acts and 1 — eof the results may prove helpful in 1 the present dis- 


Under the Reclamati Act the Government undertook, , through a 


res created for the purpose and now known a: as the Bureau of Reclamation, to con 4 


ag struct irrigation + works for the reclamation of certain parts of | the public d ¥ 
<i domain in the arid West. The funds for this purpose came pias certain 


4 & 4 revenu: ues | of the | General Land Office an and have since been increased from other “a Be: 


sources. | The details were left largely to the. discretion of the Secretary of the 
no Interior, The reclaimed lands were made subject to entry, conditioned that _ 
oe the entryman should assume and pay the cost of construction, to be thereafter 2 
he F ascertained and published by the Secretary of the Interior, as well as the annual 


of operation and m maintenance. Wide p ‘publicity was given to 
field of reclamation work, Each State. was active in securing projeska, an 


ae ee The first noticeable result was that a large part of the lands were drawn ee . 
by those not expecting to make a so-called farm home. came the 


alignment. the construc ion cost was to be paid ‘in installments, 
without interest, commencing after the cost had been ascertained and an- 
_ nounced, and as there was a general expectation that this cost would be much — 
less, than that of a private enterprise, entrymen were able to, and many did, ie 


sell at good profit to those unlucky at the drawing. So the unearned inere- 


ment was. guessed at and quickly capitalized, and the final holder of the land 


stances, an unascertained construction cost. oud.2i. bond 


_ All this, however, is aside from the real work of 


byt the new Bureau, a and | much of the he criticism growing out of it should rest 
on other shoulders. Great care was exercised ix the study of each proj 


and in the water supply therefor. _ The work i in most, if not all, these projects 


was well done and a credit to. those i in in charge. However, the cost ‘frequently 


- — exceeded that expected by the entryman, or subsequent purchaser, and is now 
_ the subject of | much controversy. _ The usual ¢ consequences of land speculation | 
Be induced by the World War are now in in evidence; whether this c could mere Oe 
_ prevented does not enter into the question being considered. It will be no 


in peering. that if the Government does finally absorb some of these 
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it do so die reasons ms than: that the lands and 
quired from the Government were not worth the chargee —t™s oe 
the real question is, “Was as the work worth what it has cost?” There may 
be some projects where it is note If, so, the writer is not familiar with 
It should cause no surprise if in a work 80 so extensive covering ‘such great 
4 - diversity of conditions, there have been some errors of judgment. mUunOR 
4 at about the time of the he Reclamation Act, another known as ‘the a 


w was the same general object i in view, but under which 


“works had been completed and a water supply obtained for its reclamation See 

The State, in turn, ‘was. to enact “suitable legislation to secure this desired — 

tes ult. As part of this program the State was authorized to enter in into: con- 

¥ tracts with such construction companies as might desire to engage in in ae 

i Work of building irrigation aystems, for the reclamation of certain designated — 

thus segregated by the > Secretary of the: Interior for. the p purpose. Thes ge 

a lands i in turn were to be 0} open to entry, conditioned | that t e entrywen, ‘must 5 

= first have ‘purchased a a water right f for use on his entry from | the construction oe 

company. The water right. consisted. of a certain proportionate part of the 
canal system and water secured for the project - The State, by its contract 


with the. construction company, fixed in advance the price per acre 


water- right contracts s were a lien upon the land they 
and were by the State contract made assignable to a trustee, as security for = 

an issue of bonds out of the sale of which the funds were to come with which to ed 

:. construct the works. The essential difference, it will be noted, as far as - 
entryman was concerned, being that under the Carey Act the price was fixed, 

__ whereas under the Reclamation Act it was indefinite and left for determination . 

after entry. The result was that many Carey Act projects were started, par- 


ticularly 


in Engineers pointed ‘the g great 
_ Certain bond houses saw a chance at profitable financing, and soon, without 
Som eareful study which has been pointed out, numerous projects were started | ane 
and people rushed to them as to a new gold field. These ene — : 


The root trouble in most: of these projects grew largely of causes: 
‘the construction cost, whieh fixed in advance the sale 


required the ‘areas t to be! reduced to ft the water supply, where it could 
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ment. pt “It ‘proves nothing for. or ‘against the. broad question of the. legitimate 
: ee danialegitianst of arid land by irrigation, but it does lead to the inevitable!con- 


ie ia niente Act companies, and the fact that. they 1 were often both. looking to 
athe same source of, water supply, came the Warren Act, which permitted, o of 
undertaking , in building reservoirs. This, Act. was followed by 
 eneouraging co- operation. between all irrigation districts and « companies with 
the U. Bureau of Reclamation in the work of conserving the waters 
great water-sheds, an and in th ‘the correction of many of the original. mi ‘istakes, 
notable example such co- -operation ‘may y be. found i in the building of the 
oie raeaigeai Falls R Reserv oir on Snake Ri River. The past mistakes are gradually 
g corrected and thousands of acres of, fertile land are now | being su succes: 
fully: firmed as thoreul,, 
Although ‘there are of land in private ownership yet to be 
Shey “claimed, tha may be “undertaken safely by private capital, the largest 2 rea } cc 
2 Sa that of the public domain. © Therefore, any effort to reclaim these lands must 
os be connected with the Federal Government. It, therefore, remains 
a point the way - whereby ‘this may be ‘successfully done, and these great waste f 
Silla be made & source of wealth to the people of this Nation ‘and help supply yg 
their’ need as the time “may come therefor. This « "question has engaged the 
ue - attention of Congress for many years and numerous measures have been intro- see 
duced, but as yet no one measure has met with general approval. 
By In view of all this, it may appear presumptuous to offer a ‘suggestion, but 
the writer will take the risk. _ The Federal Reserve Banks, the Federal Land 
Banks, and t the Joint Stock Land Banks are all examples of business enter 
prises fostered by the Federal Government, and “they have functioned ‘well 
ae Can a way not be found in them to meet. the reclamation problem ? In them - 
a certain public service is performed under private direction and by private 
capital, supported as necessary by the Federal Government. oft _ 
aed Why should Congress not create a corporation, the ‘capital | stock, at Teast + 
. in part, to be contributed by the Government, and its ; general f powers, , Fights in 
and duties to be fixed by ' the Act? Its board of directors or ‘managers, ora. ‘ai 
part of them, could be appointed by t the” President. ‘Such corporation should = 
be independent of any bureau, but connected with the Department of the In 
Ph Sta terior or Department ot Agriculture in much the same way as the Reserve . 
? Banks are connected with the Treasury. . The business of such corporation — E 
De of the'wnste Tands of of 
ome the public domain ‘or State, or in private ownership, and whether by irriga- ¥ 
tion, drainage, or other means, the ne work should be so ordered and carried 
from time to time as the demands on the agricultural resources may 
3 quire, and not to the prejudice of the present farmed | areas, by unduly increas 


ee assure a reasonable return on the undertaking. The lands should be 
disposed in such 1 manner as to pass directly to actual on uch 


‘ 


ing the lands available for cultivation, and under | such terms and conditions — - 


— 
— This was the first big venture of the general public in irr / 8 tern 
— 
— 
— 
a 
— ern 
iba 
he 
4 
cr 
a 
a 
“y 
De 
4 


terms can ‘be met ab; proper of the land. 
follow that no work should be undertaken where these conditions could not 

- be reasonably met. Such corporation should have the power to issue its own ‘ 
ponds v which should enjoy the s same privileges and r relation to the Fe ederal Gov- 
-emment as the: bonds of Federal Land Banks, ‘and should take over, complete, = 
The advantages" of such a corporation would be to take the ‘reclamation 
problem out of politics. would assure the orderly working out of these 
_ problems as the growth of the Nation « 2 demanded, and not to the harm of the 
‘agricultural ‘population. It would secure the advantages of private skill ‘and 
enterprise. _ It would lead to a continuing policy, improved and developed with 
and experience, regardless of changing administrations, yet it ‘would 
enjoy Government support and restraint in case of need. It would work | great 
over the present method. “Tt would continue to function as long 
the opportunity existed to add to, or improve, the areas capable of 
b=) production, and would carry on the work when and as the needs de- 


The foregoing suggestion is without ‘attempting t to go into 
A a the hope that it may set in motion some satisfactory solution of this prob- 
lem. The conclusion is, therefore, tl that for the present priv: ate capital: can’ only 
in assisting ‘those projects” in private ownership which ‘come under 
the general rules previously stated ; 3 also in the refinancing of proved going a 
projects, oF in 1 financing their i improvem ment and further development. Should 


a way ‘may’ be opened for the further safe utilization of private 


thing be 


Let us profit by past experience; it thas been’ an expensive teacher, but out | a 
a. it has come the knowledge of the weakness” of the methods employed to 


put the desert to profitable use. J ust as surely as the day will come when 


is we 
rth 
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Joun E, Fieup,* M. AM, Soo, E. E. (by letter) —The au has selected 
his. subject the most vital ‘and all-controlling problem of irrigation devel- 
of finance a project necessitates: that ‘it be so sound 


of the obligation, the principal be paid. dh 
hae author has suggested many difficulties which for the benefit of those — 


iene 


-Tience in irrigation development, when the writer suggested financing by 
ee a capital, the concensus of opinion was suggestive of the backwoodsman 


financiers wrong. The dromedary is is 
particularly fitted to ‘arid regions, he requires a modicum of water and an an 
who understands his moods, his limitations, and 


ortee _ In reviewing the paper the writer was struck first by the statement, in 


connection with. the. desirable reclamation of arid lands wherever possible, 


that “St should be done at such times and in such areas as will fit in with the 
a rs That there is now under cultivation in the United States a sufficient area 
te ‘meet all present needs is ee er by the presence of a surplus of | Le 
eae nearly every agricultural product, even in years of low production, by ‘the i 
ay prices obtained by the producer, and by the ‘marked drift from rural to urban Ke 
took «ie. _ No “back to the farm” propaganda—no ‘ ‘stay on the farm” slogan—will — 
so long as the farm is ‘unprofitable, or so long as there is the present 
marked difference in comforts, luxuries, hours of labor, and net. ae 
ahs between the farmer and the mechanic. When a man with $12.50 can buy 
an automobile, buy a home “just like rent”, ‘and clothe himself and wife in 
_ on the installment plan, the acquisition of a farm on the amortization 9 
s 2 _ ~Pilan will not appeal to the young farmer unless he sees, in in addition, a defini 
ae promise of profit and financial indepen a: 
| ee Bureau of Economics of the U. U. s. Department of “Agriculture | states 
there i is now in the United States | an area 


ss 


pears ago there was vas slogan, “Land for ‘the and 
for the manlees land”. this sloran must be discarded i in both its phases. 
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FIELD ON PRIVATE FINANCING OF IRR’ IRRIGATION N DEVELOPMENTS 
and necessities crying for men. Ferme are 
being offered at less than the cost of the irrigation works. It seems, there- ae 
- fore, that to discuss financing the development of new irrigation projects is a a 
waste of time, or at best an academic question . Not so, however, with the ol 
financing of existing projects, , of finishing and of perfecting existing sys- 
- jams. Irrigation engineers of the older generation take something of a morbid 
"pleasure in analyzing their failures and mistakes, 
There is a time for all things, and the author in limiting development _ 
” the changing needs of the country has struck the keynote. He asks to what 
extent i is it prudent to embark with private enterprise and capital i in the work 
of land reclamation. In answer to that question the writer would remin the ; 
older men and inform the younger ones that back in the early Nineties the 
idea fostered by the Irrigation Congresses: was that the Government should : 
— build reservoirs to . supplement the water ‘supply | of existing sys systems, that this ew 
this only was to be the program. How far has been the departure from 


that idea and what troubles and failures that ; departure has ; wrought are too 
known to require recital here. Next came sug gestion that main 
= covering public lands should be built. This development was probably 
wise, but till no hint, even at the time of the passage of the Reclamation Act, a 
had been g given that laterals would | be built, ‘much less tha the ‘systems ‘ool 
be operated and maintained by the Reclamation Service, ‘nor was. there 
estion that the Service wou Id build drainage systems. 


hie 
As the Project Engineer t the North Platte Project “the ws writer 


building, first of any laterals, then. of any except, those involving great 
; difficulty and expense, “and 1 never as long as he ‘remained in ‘the Service did, 


both the Interstate and ‘Fort Laramie Canale. The Tri- ‘State ‘covering 
of the land under the Interstate Canal, was actually built by private 
- capital, and now irrigates land originally embraced in the area intended to 
bs be served by the Government Interstate Canal. The | first mistake was made Siete 
in extending the Government work to include the lateral systems, but the gr great % 
and serious mistake was s made Service work of main- 
‘ ae The | story goes that two travelers down in Arkansas, driving along a road — 
through the woods, were startled by seeing a wild-eyed woman with stream- 
ing} hair break out of the underbrush into the | road and then, like a a startled — = 
deer, plunge into the opposite. thicket. ‘Hard on her heels came | a man with 
scraggly beard and disreputable appearance. "' He inquired of the strangers if ae 
they had s seen a “woman cross the road. They denied that 1 they had and asked 
he was doing, and he replied, “She’s my mammy and she’s trying 
Wean me.” _ The. way the settlers are acting abd the way the Reclamation 
Service treated them in the past reminds one 0 of that story. Mr. ‘Mead 
and Secretary Work evidently have concluded it is wesning time 
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question specifically, the co-operation of the Gove 
Pay should be limited either to the construction of reservoirs for supplemental 


So a supply, or if it is deemed best that. this Government become. paternalistic, | a 


ae socialistic, or communistic, then let it go ahead and do everything of every kind 3 oe 08 
‘and nature. Personally, ithe) writer! prefers that American. initiative 
and ingenuity be preserved and developed, even if some hardship) is en 
reas tailed. The lack of responsibilities imposed, the absence of sure and certain ae 
for shiftlesaness a  oerastination,. is responsible for much of the 
trouble on irrigation projects. Most of the trouble is peculiar, not te Govern- 
ment projects, 1 nor to irrigation _ -rojects, n nor to farming i in the arid West, but r 
The author has listed nine questions, all of which be answered in 
‘the, affirmative if an irrigation project pronounced sound. The first an 
three deal with the land; the fourth and fifth with the water supply; the sixth is 
3 and | seventh with 1 markets ; 5; and ue eighth and ninth with the cost of the a 


and ‘revenue _ the land. All irrigation engineers worthy of the 
: name have in the past thirty years considered carefully in their reports - os 
first seven and many have considered the last t two. o. Unfortunately, some engi- i ee 
i. neers have considered it outside their province to pass on the financial aspects — 
r of a project, leaving that matter to the promoter, the financier, and the colo- ae 
nization agent. Some have even limited their. activities to the cost of construe. 
tion, avoiding the vital ‘matter of “character of soil, climate, products, water 
_ supply, and markets to some one else. In this, the engineer failed to grap 3 
pf Som ‘an opportunity to do ‘much use ful, valuable constructive work, and to rise 


above the level of a surveyor, and of a “slip-stick artist”, In 


many of the failures are chargeable to the engineer. 
ron tien: the nine conditions imposed by the author the writer is in acco a > :4 
but he would enlarge the et. The value of a farm is . divided among the land, 

— water, the improvements, and the expense of making ita go going concer. 

These four elements on the ‘public land with ordinary costs would be: “Land, 

es a 25; water, $35; improvements on 80 acres, $4 000, or $50 per acre; and ek 

five years: to make it a going concern whi ch might be put at $50 er 
$136.25. There must be added to this figure some bonus or ‘unearned 
in order to ‘induce the farmer to break off his old association and 
suffer the hardships’ of the pioneer and settler; he must believe that within — t 
reasonable time he will be considerably better er off by making the change. = 
‘seem that at the end of 10 years his 80 acres should be worth $200 0 

acre. However, as the author states, “the unearned guessed 
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‘This is $32.22 more than the land d fully developed was worth. At first, Me ‘eet i 
ig taken by the holder of the land when he sells, but later a loss is y taken, of 
neces, by the settler and the bondholder. __ These figures indicate that the 
- eost of the water should no not greatly exceed $35 for land worth $200 » when fly 
¥ The history ¢ of an an irrigation dis district bond is interesting and informative— Deg 
taken by the broker < or contractor for 60% of its par ar value, ‘sold by the broker _ 
at par and the profit divided between the broker and the contractor. Interest 
paid for a few years from the proceeds of th the | sale. of bonds, and the 
is no longer interested. The interest becomes delinquent due to lack 
= f settlement | and the fact that the settler paid o out all his available Pesources 
the purchase of a -relinquishment for land, and for improvements, if any, 
and in living expenses. The bonds drop to 60% of par. ’ new series of bonds ‘ 
ion and exchanged for the old at 60 per Thus, the Project b becomes 


a success, and the settler | “gets his water at costs Often the exchange of old 


ule can pay. ‘The is in effect a bondholder. Will it, too, 

take a loss just as all others have done before? 

st So much for the past; now ow for the: future. The choice is between Socialism — 
4 and Government aid or private financing and independence, Assume that the Ee 
nation is not yet ready for Socialism, then how shall private financing be 

: ecomplished for the purpose of completing present projects and for building A : q 

hose which may be found feasible as time goes on? The author proposes a a ke : 

form o of Government corporation similar to the Federal Land Banks, to finance 
ia the reclamation of waste lands, whether privately owned, State owned, or in ae 
the public domain. His suggestion is a good one. "esti 
There being no els however, of adding to the total farm area, the busi- 
“ness of such a corporation ‘should be limited and 


Was the Reclamation Service _ This w would lead d to similar ur unwise, unnecessary. 
If its activities were so limited and if it proved a success, 
then, with the le experience gained and with the possible development, say, in 
or 3 30 0 years, 3, of a healthy demand for more farms and for the development 
of areas sand | projects impossible to private enterprise, a new corporation could ae 
be created ; but the salvaging of existing and the undertaking of new projects 
hould be ‘separate distinct. It is to be anticipated that new work ‘would 
be so much more attractive that the salvaging of the old ER would be a ; 
neglected and become Secondary. 
__ Having been the salvaging engineer on many projects ‘in “the last fifteen % 
- years, the writer knows how hard that work i is, how unsatisfactory how devoid — 
of glory, and how poor the remuneration. “As compared with . the enthusiasm, 
the publicity, and the advertising on new projects, such work would be like a 
§ ee “cold gray dawn of the morning : after. » To improve and complete projects 


where the land i is principally i in | private ownership the landholders should give rs 


; 
2a 
q 
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‘tuate the scramble ities i 
scramble for public money, to inject politics into its = 
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ady encumbered either. by mortgage or or irrigation district indebt- 
: prswaye creditors must join the owner of the - fee title in the new mort 
. There is no reason for : at either the land 


of projects under way on which the ‘ 
Pack expenditure is less than the value of the enterprise, and which, when com 
_ pleted, can be bonded and the bonds sold at par and at not more than 6% é 
interest, thus ‘definitely getting rid of ‘Government control and | imposing the 
burden of mnanannne where it belongs, on those most vitally interested— 


Government evidently hopes to induce’ the States to take over its 


.. over two decades and is in a mess, 'to say the least, and, as pr as success 
ful financing is concerned, could not well be worse. wot 


The engineer r should pass on the r nine . conditions | mentioned by the author 


the project could go ahead, However, if “expense 

ome is necessary, the greatest c: care should be taken to ‘to verify all other z 
costs. Quick colonization and development are essential to success. More good 

projets have failed through lack of prop proper and quick ‘colonization than | 


all other causes. A project simply cannot stand years of accumulating in- 


tion “at this time is” like that of Punch to those contemplating matrimony, 


— 


namely, “don’t” ; but, like Punch, he does not e expect to have his advice taken, 


nor would he wish it to be unless | his own money w were involved, for on ¢ the 
dreams of the optimist a and his courage is progress. founded. The optimist 


and the promoter and those of whom it is said there i is one born | every minute, K 
will keep development from ten to ‘twenty years ahead of its time. It can 


no more be stopped than can matrimony on the part of of those 
in it, It is possible, however, to' ‘giv e them a run for their money,’ peo to : 


a see to it that the Projects are sound, possibly premature. 


_ The criticism of “all | Propo 
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i fire?” “When a change is made it should be from the Government to the water of 
4 vsere’ own reanization. _ Corporation contro nd manacement ic had: Stats 
. ae add an estimated bonus or unearned increment; if colonization is necessary ff 4 a 
— 
= 
— 
a 
a 
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2 
— 
that @ stimulant 1s almost invaria bly proposed in the form 
— without interest, long-time payments, houses urnished, od. we | 


accept, the shiftless will try, andi the will undertake. 


- Jt simply makes more difficult the 1 ultimate and necessary weeding: out t of the ie 
undesirables ; it puts | the sincere, earnest, , and competent in competition with 

the notionate itinerant, | the man who has failed in everything else, who “ 
"willing to try something \ where there i is nothing to lose and everything to gain 


‘especially when there is a ‘prospect of selling out ‘and uioving on, leaving extra 


is no ‘no demand—no insistent demand—for land and farm and home, 
the time is not ‘opportune and the project should wait. In these circumstances, 
any - project that cannot secure private capital at a reasonable rate of interest — 
is unsound financially. Non-taxable municipal securities are bringing 34 Wi 
te to 4% interest ; the tax-free bonds of an irrigation district will find ready on 
4 market if the interest payments are secure and certain. Let the saleability of 
the bonds be the final test, and let the policy be not to sell bonds below par x 3 
‘nor to give bonds ‘not to employ a colonization and to 
"offer only reasonable inducements; then it will be certain that unwise 
Furthermore, let each individual a a definite obligation 


fe arthing must be forthcoming; let him join the enterprise calmly, soberly, and e 
‘in the fear of failure; let him know and feel that success depends | on iis 
personal effort an nd industry. Then responsibility wil develop his judgment 
his ability to meet and overcome difficulties. Those projects “area 

should be be classified those which 3 require an | expen diture | ‘greater 


than their value thou be definitely abandoned until they can pass the acid 
i Westerners wish the West to grow and to prosper, they are impatient, they 
are selfish and little whether these developments hurt. other sections, they 
_ believe in the “survival of ‘the fittest,” ” in ‘the immutable laws of Nature, of 
a finance, and of political economy, and ‘they believe i in every project standing 
4 on its own merits. _ If they cannot grow as fast as they wish without a stimnu- 
a lant th then they are willing to to wait, preferring to | grow slowly, 8 surely, and safely 


alternate booms. and depressions. -aettlers who 


from 

_ they fought thei ir way egainst desert and drouth and redskin and remoteness. 3 
fought with hope in ultimate. victory and confidence in their own efforts and bic) 
"capabilities, when Uncle Sam was more of a myth than ‘1 a reality, or rather 


they themsdlves: of Unele Sam in all majécty, 


FIELD ON PRIVATE FINANCING OF IRRIGATION DEVELOPMENTS 
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esterners pray for patience and work for sound progress; pray as 
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discussion of a feature ‘eelamation about which there is ‘marked difference 
of opinion. The author | lays down 1 nine conditions: which must be me 


enable tepigation Project to be financed by capital. Condition Na 


donditions : compare with the cost. of a in humid 


= sections. Condition No. 9 states the project must be so financed that it wil ent 
attract the m man of limited means to locate thereon. aid Ye 
Both these conditions must be largely decided by the judgment or bias of ba ‘pas 
in charge of the enterprise. is No mathematical rules can be laid down. 
= ee No doubt the promoters of nine out of ten of: the ‘Private projects that have tle 
failed believed they would’ succeed ; but their judgment was faulty, paper det 

is not clear as to how such mistakes are to be averted in the future. omg to 
R What this - ‘irrigation planning lacks i in ‘the United States is ettention to 4 
‘ibe a. the costs which must be incurred in changing the raw land under an irrigation a _ ¥ 
‘project: into improved productive farms. Under the cheaper Projects: of ‘gol 


| 3 


five years ‘ago this was not necessary, although it would have’ been 


per acre, as practically all of any: size are at and-an or 
a greater sum h as to be spent leveling the land and putting up the necessary ay 


buildings and fences, the total investment runs so high that the settler of 
means fails before he gets started. The future success of privatejand 
Government irrigation depends. on the n measures adopted to overcome this 
The Pp lan proposed by Mr. ‘Shepherd is corporation, created 
Act of Congress, part of the members of the board of directors being appointed 


_by ‘the President, with the Government subscribing for part of the capital 
stock, this corporation to. be connected with the Department of the Interior o or 
og ae ‘the Department of Agriculture. This i is not private enterprise because in the al 
end the Government would be the sole moneyed member. 


na - Iti is not ot clear he how such 8 complex organization would } have any advantage — 


oy. be expense, { the risk of loss would be equally great, and the 1e responsibility of man- 
agement leas, bec the p vate directors would be o operating g largely wit wit 
public funds. “The main advantage urged for such an organization is that it 

would be an independent board, free from political control. _ Speaking from rg 
‘some considerable experience with both public and private development, the 
os ao riter is doubtful whether this freedom would be secured. The Tariff Com- 4 
mission has not taken the tariff out of politics. sto} 


The « only way that reclamation can be taken out of polities is to carry rit Ry 


ai on without Government ‘money and and that is precisely what cannot be done under — 


- present conditions. ns. There are now (1926) pending in Congress’ appeals from 
“2 about twenty private enterprises (that is, enterprises started with private cap st 5 
ital and as private undertakings) that are not completed, are financially 
embarrassed, and are appealing to the Government to be a financial life-saver. 4 


Commr. of ‘Reclamation, Dept. of the Interior, D.C. 
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Gre not the mistakes in ‘design or construction, but + solely that the profits of = 
ggriculture have not been sufficient to enable farmers to ‘make a ‘a living and 
irrigation charges, or the opportunities of th the projects not been 

Bee attractive, to enable the land to be be settled and brought 


ultivation. Iti is farmer» ho determines whether or not an irrigation 


or private, , namely, the ‘include in the 
for development a study. of the economic questions connected with land set- 
 tlement and 1 the improvement and equipment of farms. Until _ there is a 
ment. policy, and unless the question ‘of ho how w raw w land i 
to be changed into farms is thought out as clearly as the ‘size "of canals and it 
the he design of engineering structures, s, there, w will. be be delayed 


_ About one- -half. the Government reclamation projects are meeting 


+ payments. No equal number of. private enterprises in the United States 


& 


make a better showing. They have no financial problems, but they do have : 


an economic problem i in the j in tenancy and non- -resident ownership of d 


Tend. The other half of the reclamation pi projects are in arrears to the Gov- 
oe _emment in their payments, but this is not due to bad design of works or, in 3 ee 
‘many cases, t , to poor land. On one- e-half the projects that are. in financial diffi- 
tay galties, the whole, trouble is lack of 'settlement—there i is good land, there is 
plenty of water, but this land fell in the first place into the hands of people | 


unable to develop it, or who acquired it it for oF, purpoees and have held 


t for ‘that pu purpose ‘ever since. fos Bye 
The adjustment now under way has as its fundamental principle the closer 
settlement of land, the selection. of settlers who will be first of all good farm- 
ers, and then the establishment of a type of agriculture suited to the markets 


the | local climatic conditions. These are as important for Private enter- 

"prise as for. Government projects, but it looks as if, the Government 
oe destined to bea leade in _ the introduction. of f the new principles les and n 


methods needed to _ bring reclamation accord, with 


by the World War. 


in ‘the financing of f irrigation by Private capital. Collateral with 


2 the duties and responsibilities of irrigation now imposed on the Secretary eee 
! of the Interior and to conduct ‘future operations through a board of directors, ! 
fo authority to carry on the business with reference to the larger 
interests of the public as well as of the people concerned. He also suggests 


Pres., The Research Service, Inc., Washington, D.C. $= 
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ae _ “Such corporation should have the power to issue ite own bonds 
“ye should enjoy the same privileges and relation to the Federal Gove 
Sie ‘ie bonds of Federal Land Banks, and should take over. Se 


any one wh bs been intimately concerned with initiation, 


ig of the Federal enterprises, this suggestion hag as 
oo appeal. ‘Iti is in accord with the experience 2 of the p past not only in 
i: irrigation enterprises dependent on private and public funds but is in Tine 
ith other transactions involving the the efficient ‘investment and ‘recovery of nS 
ar 
. The need for a corporation separate from purely gov- 
ie eter or political control toh handle Federal reclamation funds Sa 


with efficiency 7 and economy a arises from the fact that departmental machin 


evolved with reference to enforcing laws, ‘mainly restrictive. 


ee ‘not readily permit nor stimulate the exercise of sound judgment to fit present: 
day exigencies. reflects past rather than future needs. 
3 is exemplified by the striking lo sses ‘in amounts: due the Reclatiation 

Fund from’ the land owners (not necessarily farmers) whose lands been 
increased in value from practically nothing to sales prices of more than $100 . 

per acre. ‘The inefficiency and losses in “making ‘collections from these land 
— OWners are in striking contrast to the activities of the Farm Loan Board. 
is due to the fact that this Board, virtually a Government- -owned or 4 
controlled corporation, has been able to pursue a’ persistent policy, one which 


eer. recognized that collections must be made and has not t tried to exempt groupe 
of land oy yners but has proceeded with its work, not as a side issue or ine 

ze 7 ‘dent to silts other more important operations, but as a business by ‘eal, 


one worthy of exclusive attention, ths bon 


8 now practically ‘admitted that ‘if, in place of the transient perdianliae ia 


of the Secretary of the Interior, ‘a permanent board or small bar 
group of ‘experts (chosen for special | ability anc experience). had determin in 
 » "a policy of requiring prompt payment from land owners of the funds %: 


_ due under the terms of the Reclamation Act, ‘speculation | in reclaimed lands : 


a: 


“would” have been checked and the present ‘unfortunate situation would’ ‘never 
have developed. _ One of the best informed experts who has devoted years ‘to 


now be largely overcome if. a business- like fiscal method of collection 


by private investment, Moreover, this “eondition. is conti: 
ph ming; more land is being brought under cultivation by the use of private or 
_ corporate’ funds than can be developed by any conceivable appropriations % 

_ public funds. There is no doubt that as a whole the public funds. were wisely 
and. effectively expended in the earlier enterprises, and the public | has gained 41 
thereby: ‘The ‘real reason | public _funds should not more lar argely appro- 


- 8s with its many restraints growing up from ancient checks and balances bas. a 
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NBWELL ON PRIVATE FINANCING OF IRRIGATION DEVELOPMENTS 


such wine investment of. public funds may, be removed 


To appreciate the sit situation fully it ‘is necessary t to emphasize the peculiar : 
condition which has resulted with reference to Federal investments in irriga- fe 
tion enterprises. ‘This work, involvin ing the expenditure of many millions of 
‘dollars, was entrusted by Congress to a single official, . No provision was made ee ; 
is for any organization, bureau, or group of advisers. Upon one man alone, a ee + 
"Cabinet Officer, usually a lawyer chosen for political acumen, was imposed 
this responsibility, to fill a position 1 to which he could devote. only s such fg 
ments of time as might taken from innumerable other more obvious or 
"pressing demands, ebsin od ahi bow 
_ At is true that, by inference, the Secretary of the Interior, the a 
in the law, could employ whom _he pleased, when he pleased, at any 
‘compensation, n, and without hindrance from civil service or any, other. restric 
tion, except the will of the President, or such laws as might later be enacted — 
— by Co Congress. _ Such unlimited opportunity and discretion has hardly ever been — 


to a official. belt. in hand phe communi 


4 and most exacting duties in connection n with publie lands, National parks, 

% Indian affairs, patents, pensions, education, , geology, hospitals, i insane asylums, ‘pe ry 

3 alist of which would require a page even to enumerate the titles and a volume 4 

to describe the duties. It is true that for most of these certain responsible — Oa 

assistants w were provided, but in 1 infinite ¢ detail he is: practically the court. of 

E last resort and must give some personal attention to each and every item... ie 
_, The condition would not be so bad if this official and his principal assist- a aie ; 


: ber were edu ueated o or trained for. the w work or remained in office long en enough ae 


understand what it was all about. For two o or more decades 


years. With few. exceptions they not. been reference to » 
yay in hand; traditionally, they must come from the West ; above all things tt ee 
must be. effective party men. An. the names of those 


LS 


in temperament ‘experience. vith notable exceptions, » these 
men were not skilled in ¢comomics or finances, oad. saw. 
All these men, although differing widely, have. agreed in in one respect, 


a: that immediately upon assumption of office. each has taken a lively Pare 


at lea has entrusted the technical 
or. engineering problems. Service, created by the. Hon. 


| = James R. ‘Garfield, but each has reserved to himself everything which had to do 


inually shifting personnel and policies regarding finance, it is ‘am 


need a wonder that so much been, collect 


so ; 
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to whom water was ‘sold For analogy, i what a 
happen: to the income tax | if Secretary of the Treasury announdsd 
: he did not believe that any considerable number of the taxpayers would pay 
and that, as far as he was concerned, he would not oppress any 
volume might be written the psychology or polities involved’ 
= * 4 this experiment in finance; it is sufficient to point out that Mr. Shepherd 
ae! sees ‘the difficulty and offers the solution, namely, that of taking the a 


BS 


sibility’ ‘out ‘of the hands of ‘temporarily appointed politicians. “He would 
entrust the enforcement of the policies, determined in a broad way by Gon 
to corporation i in such manner ‘as to ) permit t the exercise of sound 
Bealls and a continuity of policy. This ¢ can be made possible. by entrust 
. ae ing the powers to a small number of directors, preferably bly appointed for long 

: 
Ee a: terms, which overlap i in ‘such 1 a a way as to” insure ‘this | necessary y continuity" 
‘ “Another point brought out by Mr. Shepherd is that success in all thse 
enterprises, whether financed b Private © or public funds, be a’matter 


as 


evolution, that is, 0 Of slow growth based on experience, ye year after year, 
The greatest losses of public funds have been due to the anxiety of each sue q 


. cessive Secretary of the Interior to push the maximum of construction during ee 


geal The original idea embodied i in ‘the Roosevelt Reclamation Act of June Yt, a 
to provide a ‘small re revol ving fund, utilize this in building large 
2 works, reservoirs, and m main-line canals, the magnitude of which were such 
that they could not then be br built it by private > capital ; then to permit a natural 
a evolution, re-investing the money, as it's slowly came in, on the basis of the 4 
experience already acquired. cow oy 
Preliminary 'to this investment in 1902 the most careful studies 
a were made (beginning in 1888) of the water supply, the topographical y 
conditions, and the related physical facts; the best experts available were 
obtained to consider soils and economic conditions. The unknown factors 
hoe <2 ‘which could not be determined in advance were to be ascertained by the steady 
erat development of the projects for which these main structures | were built. ae 
this gradual | progress. was not acceptable t to the short- 


q none of this money was expended for five the loan w. was ‘authorized. 
ag Nan This was because of the fact that the then conditions of securing rights of 
4 of water rights, or economical construction, ‘did ‘not justify 


BP - to the amounts which might be obtained from past investments muck, 
as not most, of the criticism now rampant might have been avoided. oe 
=z ‘relatively 1 reckless attitude contributed to the inflation of land prices i. 
to the spirit of in governmentally reclaimed lands, so exten- 
sively commented ‘upon. An in analysis: shows that the excessive speculation ft 
lands, ‘irrigated by the use of ‘non- Anterest | bearing public funds, lay in the 
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NEWELL ON PRIVATE FINANCING OF IRRIGATION DEVELOPMENTS 
#3 sible pideetive values of the land, but were based on the ainenigtion that 
B the o' owners of these lands would continue “to get something for nothing” from m Ss 
the Government. ‘That is, they would get not merely exemption from interest. he = 
_ ‘payment on the cost, of reclamation for a period of 10, 20, or more, years, but eae a g 
—— that ultimately a considerable part of the debt, if not all of it, a ioe: — 
‘This avowed policy of repudiation was a plank in the platform of “many 
a ‘gpolitician ri running for office ; under this stimulus excessive land prices were E 


agreed | upon and i in some cases paid; namely, on the claim that the en 8 es 


Uncle Sam, ould afford to build on the scrap 
$10 000 000 battleship, or put m millions of dollars in diking swamp lands, or 
4 building hard roads, would never stoop to y collect the little driblets from a few ue 
thousand owners of irrigated landss whe 
a the With this lesson fresh in mind and with the advice | of experienced men > 
like Mr. Shepherd it would seem as if the people of the country and Con- 
_— grees would see to it that these intricate financial matters were entrusted to 
a small body of men especially chosen and that they would bring into iat 
with practice the methods which experience everywhere i is showing to be neces- _ 
in investment a and recovery of large sums of money. at should 
od Gini | doc at bie of ton 
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This Society is ‘not responsible for ‘statement: m made ‘or opinion: 
Baother poiat brought Cut by 


PRESENT POLICY OF THE UNITED STATES. BUBEAU 
OF RECLAMATION REGARDING LAND SETTLEMENT® 


iru Discussion By Messrs. B. A. Eronevenry, Tuomas Means, 
O. Kreutzer, anp O. L. Wauier. 


gee 


we 


tty te by i irriga‘ ation. Since that time, about $200 000 000 has been spent in < ‘ 
art construction , operation, and 1 maintenance of canals and reservoirs, and the 
building of drains. This 1 money has come principally from the proceeds of sales 


costs by settlers. . For all practical purposes it has added ‘f 
a "another State ‘to the Union. "Homes: have been made available for 18000 


ae increased when n advancing technique in agriculture and further subdivision sf 
land have "persuaded the reformed cowboy that irrigation on “horseback 
out of date or economical 
' and construction. It ¥ was bernard popular o opinion n that if water wore 
ox provided, irrigated agriculture would follow, that settlement 0 of land and farm 
ee, tee a development under canals could be left to take care of themselves. No funds — ; 
: were provided to aid in such settlement and the help which could be inciden 
eS vd In the Tine of its main activity, the Reclamation Service has s made ¢ a recor 


. Presented at the Summer Meeting, Salt Lake City, Utah, July . 3008. a 
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“weential floods and deep foundations. Speaking generally, the ——, 
on the twenty-four projects of the Bureau form an enduring testimonal 
ee to the zeal and capacity of the engineers of the Reclamation Bureau. The ¢ =r 
writer does not believe there i is ‘any service in any country which has a more 


quarters of the Reclamation Service in Denver, Colo. 
_. The operation of these projects has been difficult because water has had to 
be delivered to beginners in irrigation, to whom its methods and practices were a 

ES new. They had to. to overcome great 0 obstacles in the preparation of their ‘land, 

ha ad do this in too m many instances without adequate capital and without ¢ credit 


intendent has been a conspicuous and patient target for bricks hurled when aa 


had to hit some one. Few bouquets are bestowed. to 

U _ As far as the plan in the construction of works is involved, the organization — oS ; 
the Reclamation Bureau has taken a permanent and satisfactory form. 
rs _ These features of the Bureau’ 8 operations have passed beyond the sphere of 

@rolution and need not be further considered, but. Social and e economic forces 


"include, should be revised. The increase in construction costs growing out of — ent 
the World ‘Was ar, the greater expense: of everything that goes into the develop- 4 
~ ment and operation of a farm, and the depression i in agriculture, have made 
a the question of farm development and the productive value of water far more 
_ important than was the case when the original Act was passed. Together: they 
render it inevitable that if future reclamation is to be made a solvent enterprise, ¥ 


_ plans for new projects must include settlement and farm development and 


aad D 
= 


must | be made an important part of the Reclamation program int is 
~ On five projects” authorized by the last (68th) | Congress, but on which — 


yet b n, and on two on which works have just been, 


- ste to » supply water to new areas, ‘the e estimated and known constructior 


ts vary hom $100 to $160 per acre, with an average of more than $125 per 
The land that 1 is to pay these costs is unimproved, ‘unpeopled, unlevele bs 
sagebrush, most of it remote from marke and i in some instances having ae." + 


‘such surfaces that preparation for | irrigation will be expensive. ‘The 


investigations preliminary 1 to ‘the undertaking of thes ese projects, | included the ae: 
determination, by competent boards familiar with local conditions, of the 
able cost of changing this raw land into habitable farms, 
Projects these boards fix the minimum ‘expenditure ‘necessary at at 


to $10 000 per farm, or or, roughly, $100 per acre. _ Combining | the cost of mp, 
ow right and the development cost of the farm, ‘the settler r will face an expen- 


‘g diture or indebtedness of from $200 to $250 per acre, ‘before he has grown a 
or has ‘established the productive value of Jand and water in irrigation. 
‘Be The question which has to be co nsidered is: . How 3 will settlers regard i 


on yt in ¥ om ¢ 


a outlook? “Under the Reclamation Act as it now is, which makes no pro- 


Ret for the i a of these settlers, for ‘giving tl them expert advice and 


to 
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8. BUREAU OF BECLAMATION AND LAND SETTLEMENT 
= their own capital in farm development, will they consider.it.a1 
‘opportunity? If left to carry out this hard and costly work where they have 
shift for. themselves, will they. be attracted to these projects, and if they: 


come, will they succeed? . The experience | on the older. projects is 


(On, one the projects which h been i in operation: for Sfteen: years, 


, and only. by y owners, and ‘bar grow crops “ot low 
The money that has been lost by the Government on this. project is 
gies ‘operating ‘an undeveloped property, would have financed | the development. of 
4 the bos letiqas stanpsla oot ai 
ics In one State where more than $15 000 000 has been spent in the construc So 
ihe of works, the total income since e the outset—and that on some. projects 


embraces: a period of fifteen years—has not paid operating expenses: the 
7 repayment for construction is ignored, there is a deficit of 
$4000 000." The reasons are delayed farm development and lack of an agriy 


cultural progra hese examples _migh t be multiplied. ‘They’ furnish 


_weighity Teason for determining in advaiice how the land'is to be settled 


a how the farms may be made ‘productive before the project is approved i and = 4 
: construction begins. > ai of T  .baetvet od 


is another important reason for doing this. ‘Two-thirds of all 


on the dlder projects was in private ownership wheat they were autho 
Tnflation of land prices, “misstatement of conditions and i improper 


the arts ‘of modern publicity led to’ these lands being unloaded on unin- 


formed, nguine peo “ople, many of whom hi had no farming 7 
e down when confronted with the obstacles which they had to sum 


greater part of the land in four of these new projects ets is pr 


owned. In its dry ‘state it has little ‘value. It is "doubtful whether the income 
it more than pays the taxes. The owners are widely scattered. _ Nearly 
alll lack money to improve and ‘cultivate, and a still larger number k 


desire or intention to do 80. +, What they seek i is 8 toh have the Government. 


4 


be followed by an inflation of land prices to that which 


on ‘the old projec ts. al bool wos dp ado 
0 


relation of private ownership of land to the social and economic 
; ese works | built with 2 Government money « cannot, therefore, be ignored, and , 


there has recently been conducted an economic investigation in which many 


what terms they. will, give the The have also been asked indi- 
a cate, in n case e they ¢ do ; not sell, their ability ‘and willingn ness to, farm, or. to, turn 
their land over to the ‘Government: and form a Pert of a co-ordinated 


— 


4 
te 
i 
of 1 
thi 
— i 
— 
| 
= 
tile 
“ex 
m 
= 
1: 
he 
— 
a 
4 
— | 
Cse OWLS Lavoe ilivlryicw LO ascertain what 5 
hey pbeueve mer § 
— Bs 
— 
— 
— 


AN 
The responses ounllbita past experience that unless lena prices are fixed in 
« advance and a program 0; of settlement decided to its final result, the building of 
sg these works will involve the Government in heavy losses. Farm development 
will be so slow that not only will the Government be kept out of the return BS 
é of the n money invested for many years, but operation | and maintenance ‘expense 
will either be a ruinous s burden on the settlers, or have to be; paid. out of the eat ai 


the building of irrigation works should cease, or aid aad in ‘settle- 
a ment and farm development should be made a part of the Reclamation pro- ae 
gram. If this latter is done along lines that are in any sense expedient, no 

‘doubt i is felt that nearly all these projects will be made more ‘quickly ee 
Fi than in the past, and that they will prove solvent enterprises. If this is to 


done, the ‘program must include the following: ght 


—The farm must be small and must be intensively cultivated. Only in 
this way can returns be secured that will justify the large acreage investment. eS 
| 2—The people who cultivate these farms must be selected. They must have 
; fnduatry and thrift. Only the superman 1 could succeed if he had to bear the a 
ole burden of this indebtedness. He c could not do it at all | unless money : 
were advanced from source ce no not now available, and a credit scheme 
applied to settlers without capital would be financially unsound. — _ The posses- — 
sion of some money is in most instances an indication of the earning and sav- 
; Any development scheme w will break down that j is based on the idea that 
settlers can be secured who have sufficient capital of their own. . The records 
of the Reclamation Bureau show that 0% of the applicants for farms ‘ms have 


Tess than $1500 capital, and only” about 10% have more than $2500. The 
number of settlers who have from $5 000 to $10 000 is so small that it must be pase - 
ignored. If the settler with $2000 capital is accepted, who takes a farm that — 
will require an expenditure of $4000 to make it a @ going concern, the addi- 


tional $2000 that is s neede d must al from rom some source 


f lf this is done, there must be on these projects, an idan or economic 


oe superintendent w who will rection | t hese advances 2 and watch the e expenditure ¢ of 


a the money, because they will not be made as loans but as service, not (deel. ‘Ry 
over to be carried around in the pocket of a borrower, but used to < 
definite and “necessary “improvements. If such as that is put into 
_ Operation and the money is furnished by the Government, then the Govern- — 
‘ment must own the land on which the improvements are made. In such a 


Case, this advance for improvements is underwritten (1) by the capital pro- * 
ded by the e settler, and (2) by the fact that it nhances sinc, value of the land — 


: With such advances, to be repaid under. an amortized plan, with an interest ‘ 


of, ‘say, 4%, and with from twenty to forty year: years’ t time for ‘Tepayment 
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BUREAUS oF REULAMATION AND LA LAND SETTLEMENT 
the man with $2.0 000 to $3 000 can his we 
S: he | loves rural life and wants to become a member of a pr “prosperous ¢ com- 


mumity,. ‘these. projects will attract him. If this aid and direction is given 
order to provide an opportunity for a | home-seeker who i is an ‘settler, ‘then 


- permit the farm to be sold to a non- -resident land owner, who would install a 


‘ was 
to a ‘desirable £ family to be planted on land, an then 


The last (68th) Congress passed a bill ‘the selectio 
settlers and empowering the Secretary of the Interior to fix the whi 
capital they must have and their other qualifications. The Irrigation Com- ad 


‘of both Houses held many hearings on the question of aid and ai f 
tio which should be included i ina a settlement program. . The result was a bil the 
es which provided for the employment of competent persons to act as advisers eon 
rs 8 settlers i in farm development, for the subdivision of lands into farms sand 4 dan 
k d for making ad in 
farm wor! ers’ homes, and or ing a vances to settlers to enable’ them to 


their farm improvements up to $3 000, to 


4 


hes money for advances in “requiring red 


a were incorporated i in appropriations for three new projects, and the Secretary : 


a the Interior was a authorized to incorporate such provisions in fourth. 
This legislation was opposed, in because it applied only to a few ‘Projects due 

ye a and not to others, and by those who do not believe the ‘State has the the sources ‘s ha 
to enable it to carry out this part of the development. 
_ Whatever authority: takes s charge, ‘no one who i is “familiar with conditions 

pa ; = on the older projects and who realizes how much greater ‘the expenses will K nie 
in the future, believes that a “success can be made of reclamation under the 
a oe nethods of the 1 past. . Not only must the settler have financ ial aid, but there Bn 
must be introduced into the social and economic life of these new communities 
things that will enable people, by working together, to make farming m more 
profitable, to cut down « expenses, and to § give them a sense of “permanence and af 


that is too often absent. Long- time payments, community and 
qperative organizations, , tend to ‘Tessen the migratory and ‘speculative ‘spirit 


that has played too. large a part in the development of, new farming, 
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senate and was favorably reported in hat the State 

4 te embers of the House who believed tha 

— opposition from m 
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a B. A. Ercueverry,* M. AM. Soo. —There is no doubt that. ‘the fir finan- 
results of. Federal Reclamation as far as reimbursing the. Government is he 
ned, have not been ‘successful. The Fact Finding Commission found tee 
What $18.961 146 will never be recovered and that there will be'a probable loss 
of an additional $8 830000. The total of these amounts is 20% of the money ee 
by the Government and includes interest. It also assumes that 
payments will be made on the ‘remainder, without additional relief measures, oes 
which past history would inc indicate to be a rather t optimistic assumption unless 


adifferent policy for repayment is to be enforced by the authorities... eat 


The failure in repayment has been largely attributed to the inabibite of Rea 


A land prices, or the excessive prices the settlers have had to ney for lands held 
private ownership; and (3) the of ecttlers end 


than those found on ‘irrigation | projects built by irrigation dis- 
He. tricts and other agencies. | On the contrary the land « owners on n the Federal 
a ‘projects have had the great advantage of having no interest to pay on their ee 
obligations and no cost of financing, such as discount on bonds. In addition, as ‘ 
through the Extension Act of 1914 and several leniency acts, they have had — 
- apart of their T payments due on the e capital and on operation an and maintenance a 


.. Grities have stated that some of the engineers of the Reclamation Service 
¢ have been ‘more « concerned i in building monuments of engineering than in the ey 


economic problems of euccessful land development. Even if this were true the a 
water users have generally: had more adequate water supplies and» have de- 
-manded better service than on projects built by other agencies. In many 
? irrigation districts the land owners have had to be satisfied with only a partial | s 

: season’s supply during the early period of settlement | and development, up 
to the time when they ‘could finance the storage necessary to 
5 a full water ‘supply. In other words, ‘they have built at first what they could — 
tebay abgsl 
_.) This was the economic solution when these districts, » before they had 
q — established, had to discount their bonds 10 or 15%, or more, and pay 
4 interest at 6 or or 1%, or or more. Tt is true that m many failed, but on the other 
hand many were successful an and the failures would have been much decreased 
had the projects: 's been financed with no interest and no discount on n bonds. 
_ The past policy for repayment to the Federal Government has hentai. 
‘adjusted to fit the land owners who are either incompetent, unsuccessful, a 
2 unwilling to meet their obligations to the Government, ¥ with the : result that 
the more successful and those who were able to pay and, in many eases, willing oY 


of their sense of pride in meeting just 


; to do so, have either accepted the advantages of blanket reliefs or have made Wie 
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That non- 
by the records of the Reclamation Bureau. 
The Commissioner of the Bureau. states* that in 1994 one of the i 
paid only 1% of ‘what it cost to it; another paid only per 
_ prejeet that owed $16 000, paid only $69; and another that owed $112 000, paid 


3 
a 


immediately after water was ‘in. applied. is diffieult to find an 

ue fa reason for these inconsistencies in repayment. On one of the tease and | 
a (Ss best projects, enjoying a large income from hydro-electric power, water was 
he oe first supplied in 1907 and the first payment on construction was reported in : 


The net construction cost on J than $10.00 000 


had to” pay in and interest an amount nearly equal, if not 

boas Other projects have apparently showed a greater willingness to pay 0 4“ 
have not taken full advantage of the leniency of the Government: The Orland 
oe _ Project in California is reported as the only one of the twenty-five Federal 

. projects that has is made without deferment its regular payments to the Gov. 

for annual costs and for operation and ‘maintenance. “Although 
land owners suffered a 60% loss in crop production in 1924, due to the 
‘extreme shortage in water, they have maintained their record of full payment. 

4 There i is no doubt that on some of the projects leniency was necessary peer 


owners. In the consideration a new policy for Federal Reclamation the 
following fundamental questions arise: 9 


What shall the Government do with its existing projects? 


Should the Government undertake | new Projects for bringing new 
bole If the Federal Government is to continue to use its funds be ; 
A reclaiming lands, how can they be used tear advantage, wit « 


‘ Thee answ er to the first question is that the fair value of each project to 


answer to the | question is that, for the present at thee 
‘is no real demand for such new projects. ” From the standpoint of the Federal 
Government there is no profit and. from the standpoint of the settlers there 
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aa ay crate these projects it would seem that the best policy is for the Government to aS 
oc ager _recover only that part of the cost represented by its useful value to the land * a 
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a PSs i organization of the water users which will give as good guaranties as possible § * 
the repayment. This, apparently, is in accordance with the new po icy of 
— be 
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the complaint arising from —" them properly 
true Disregarding these however, there is 
the five new projects: by the last ‘Congress settler will face 
an expenditure of $200 to $250 per acre before he has grown a “crop, or dl Ts i 
established the. productive value. of land and water in irrigation. In the he 
Annual Report of the Commissioner of Reclamation of J une, 1924, 7 e state- 
- ment is made that well- ‘improved irrigated land, fenced, equipped. wit build-— 
- ings ‘and growing | crops, ‘can. be purchased i in many of the Federal and private tee 
Ob. FLO 90 Big 
_ projects of the Northwest. for $150 p per | acre, including a paid-1 up water right. ss 
With this condition existing there i is ’ apparently no general need of bringing iar 
4 iy lands under i irr rrigation. for for new ettlers, to be financed by the Government _ ae , 
or the. State. ‘New development should be postponed until the 


make it necessary. In some localities icultural and economic 
will be, 4 


re are favorable to success and there is now, or soon eman 
for additional lands that will justify the undertaking of new projects. ted Aiea 
; bias answer to the third question is that the Federal Government t should not 


it the use ‘of the Reclamation fund by , favoring a relatively | small number — . 


of] land owners at a prohibitive cost to the Government, ¢ especially when it. 
{ 
oe. parently has resulted in creating a number of dissatisfied citizens. It should 


a extend its help to the most meritorious projects throughout the West and adop 


a plan. or policy which will, give reasonable security for, or even assurance of, 

_ The sentiment h has been expressed by some settlers that the ee 
fund does not belong g to the ‘United States, but to the West. will 


2a “differ with this view, any t even if it is admitted as curred the West does no 


: consist entirely of the land owners on ona few projects. ee certain aly would be be 
much more equitable to apply the fund to all the land 


It is well known that important causes of failures are e the high of 
i financing new projects and the large development cost’ due | to the long périod 


of time necessary to approach substantial settlement or development, especially 


interest on ‘the bonds at 6 or 7% from the time the project is is ‘started. Opera- 


by discounting 10%, or as auch: ‘and they must pay 
tion and maintenance costs must also be. met. Later, the payments to 


The largest results should be: obtained by using the Reclamation fund in 

Federal Government should take the bonds of the Districts and 
them’, either for a fixed period of ten years or more, or until the projects > ssa ; ee 

; been established to the extent reasonably to meet future 
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necting, agricultural, or economic may 


on any project, the Federal -Governmen should absorb the ‘loss, 


atid celling some of the bonds so as to sell only y the amount represtietag Cal fair 

= Government could protect i itself by extending this aid aid only to proj jects 


which it considers: sound, and in which jt can obtain satisfactory rostanil 


against land speculation during at least the period that it held the bonds. 


‘This plan could be applied no not only to irrigation projects built by irrigation 
districts or other ‘agencies, but t to reclamation districts” such those i in 


California where the cost of reclamation for levee ‘protection, ‘drainage, and 

a irrigation has placed greater burdens relatively on the land owners than on the 
average irrigation ‘Projects. “Many of these reclamation districts have had 


be. financed w with 1% by a dis 

"oa It may be urged that Federal aid to the amount suggested will extend over en 


a larger area than if it is applied to ‘the: more intensive aid required to ball 


i a project and also finance the settler, and therefore may not be sufficient to 


produce success. The fact” ‘Temains | there are many irrigation districts 
_ where the land owners have had to carry much heavier burdens than on the 


Federal projects without deferments on payments and generally done 
so with less complaints. This has resulted in the ‘lial out of t the more 


- incompetent so that the remaining land owners are good citizens who have 


~ retained their pride and 8 sense of obligations. The larger and more difficult 
pret yet : remain to be constructed ; although they should 1 not be constructed — 


“good lands already under irrigation and awaiting settlers, will have e 


be constructed, “some them in the near ‘future, and Federal aid during ‘the x 


period of settlement will be most needed. 


H. Mrans,* M. Am: Soc. ©. E. (by letter):—Mr: Mead’s frank 
statement of the settlement problem confronting the Reclamation Service 
out sharply the difference economic conditions in the ‘early 


ors necessitating ‘the expenditure of n money in , large amounts, could not be ‘well Me 


by the farmer, but the lateral canals and the preperation of the land 
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prevailing was that ail the trovernment needed to do was to Dulld the reser 
__-voirs, or where reservoirs were not needed, to construct the main canals 
a ee Everything else could be done by the farmer’s own labor. The reason ree 4 
— 
oo Im those days, when a farmer éstimated the cost of bringing a farm into “a 
ee the cash outlay necessary to do the work ; his labor * 
Ba ere not considered as a part of the cost. Dith fF 
v. Engr., San Francisco, Calif. 


as be done by his own labor and 1 that of his teams. iba prove! ponder 
for the team was raised -home with | h little cash required. Purchases of 
jumber and hardware in small quantities” were the only cash outlays. Gro- 
ceries and clothing for the : family were the principal items of expenditure ¢ ‘and ea 
in those days included very few articles. Vegetables, potatoes, beans; and 
hee principal items of food \ were home-raised—the first effort was toward the : 
sing of food for the family and the animals on the place. Oows produced a 
a the milk, butter, and cheese supply and the farmer knew how to slaughter | ae 
_ealfora pig. The art of home-curing of meats was understood and the wife 
o ggually raised chickens and looked after the production of eggs and of many aa 
other things now bought from Me fie ba 
Nowadays all is different. The prospective farmer inspects the site of his 
new farm in an automobile. This vehicle consumes gasoline, oil, and tires, 
of which can be produced on the farm but must be for cash. a 
The annual outlay necessary to keep a $1000 automobile in running order 
today would have paid all the cash expense of f an 80-acre 1 farm twenty years 
m0. The upkeep of a Ford at the present time often exceeds ‘the water bills 
taxes on @ -quarter-section of land. Ot) Other habits of | the present-day 
A farmer require much cash. A diet of bacon and beans and home-made bread 
does not sustain life as it once did, and the farmer’s table le to-day i is supplied © 
. from the ends of the earth. Many food products once , thought to be luxuries — 


are. now ¢ considered essential to life and happiness. 


os great deal of the difficulty of the present-day farmer and his inabilit 
to make good on the farm without 4 a large amount | of f money comes directly — 7 
from this fact. ‘There does not seem to be any way of getting ‘around the i 
"Matter; automobiles , tadio, movies, canned fruits, and foods from distant " 


ag ‘sources are necessities nowadays and no one ‘seems willing to to do » without t them. a 


The fact is that more eash is ‘required 1 now than twenty years ago. The a 


- standard of living is higher. i The day of the pioneer is gone. . Few men now ae 
seem inclined to go out in the desert and carry on the h hard » work 1 necessary <n ; 
ica to make a producing farm out of sand and water. Not only is the inclina- 4 
vg tion lacking, but the the ability to perform such a feat is possessed by fi fewer peo- 
ple. So ‘far as any large “percentage of American : stock is concerned, it iss 
3 poor material to use in conquering the desert . About the only recourse is 


to hand- pick men of special training for settlers and coddle them 


In addition to Mr. Mead’s ithe writer has had the opportunity of 
oe ‘seeing ‘some of the reports of the technical committees of the Bureau “e 
_ Reclamation on unfinished projects and new proposals for extensions of = 
aa “ect. In none of these ‘proposed new works is the cost of irrigation works 


a than $100 7 acre and i in some cases it go goes 3 to nearly. $150. per ‘acre. — 
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_ improvements and land preparation on the farm. Mr. Mead estima — 
000 to $10.00 per farm, or roughly, $100 
minimum expenditure to be from $4 acre without 
peracre. The total cost of the farm will en exceed 


‘Nevada; in sagebrush regions. In 8, Todds: and 8 
all the other facilities for must be ‘provided. 
These’ ‘statements the fact ‘that the on ‘one of 
: with ‘several settlement projects say never seen any 
oe siderable number of settlers p possessed of nearly the amount of | money a 
is incredible that many men with $10 000, or even $4 000, im cash; would 
to undertake the hard labor, the privations, which even’ in days 
#1 cannot be entirely eliminated, and the uncertainty of the final outcome ie 
attempt to make a a home out: ‘of tract of desert land. A man who has 


seldom wants to attempt any such” enterprise. "The: man who» 


000 which he did not earn usually thinks | too much of the “bright: Tigh 


and the creature comforts to undertake to reclaim a desert farm. _Among 
sufficient money the choice is limited, therefore, to ‘a small number éf 


country life enthusiasts who truly believe that the country is the best place an 
‘to fill up a very large tract of f desert lar land. tsib A 


whieh to raise a family. are still a a few people ‘of this sort 


the other hand there sre @ large! number of men! and)women with 
2 small means, but with energy, enthusiasm, ability, and leve of count life, py 
would be willing to. wager a few years of hard work if there wasia 
a chante of winning a little money. Few people are willing to spend half a life 
time, in in paying for a farm | unless it, it is, possible to sell out at a, ‘profit. The 
x = r who spends $200 per acre or more in making a farm out of raw § sage- 
brush . land in Nevada, Washington, or Oregon, is paying all the farm is 
He is taking much risk and buying the land at its full 
not an. attractive undertaking, but it.does offer a method of acquiring a farm if 
home that will enable many men to succeed. If the prospective settler hes 
the al  abili lity to make a desert farm productive end has the hope of selling the — 
farm for. more than it has cost him, he will work, and work hard... The only a 
hope i in the future in reclaiming the arid West lies i in the farmer with the hope 
of making money as the driving force behindhim. 
y There are in America’ few men so constituted mentally as to. be este 
when struggling to pay off a debt which stretches out thirty years or, 0 
oS in the future—few who are interested in working ‘a lifetime to earn a form 
_ bome. _ The hope of| reward in the not too distant future cannot be eliminated 


entirely; ; something must be done to make it possible for the farmer to pay 
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wey’ 


up comparatively short time. coi 
There are two. problems—either to reduce the cost: of reclamation OF o 


subsidize the new settler in some way. There seems to be little hope of reducing — 
the cost of irrigation works. _ All the cheap irrigation Projects have been as, 
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tion. ‘Lhe farmers expenditures on the ranch are more important 
gonstruction costs. and the tendency is toward the need of more’ cash rather ok 


of reclamation beyond the freedom interest, 


vin for the farm out of in. ‘any reasonable time. 
jg to continue the Government is faced with the necessity of selling water — 
“qights or farms at their agricultural value and not for the cost of reclama- 
tion works. It would. be better for every one ‘if, on ‘such a project as 
Spanish Spring. Project in Nevada, | the water rights” were sold at $50 
cre and the payments collected i in 20 years, rather than have the full Le ¥ 
$100 or more per acre spread over, 50 or more years. ‘Raw sagebrush land ay 
seldoxn attractive at costs of more ‘than $50. Of course, 1 no fixed sum can 
A 


set fo for ‘for it will va ry with ‘the lo locatia tion, but there is every 
where a limit of value. That limit should be the maximum charge for water — 
no matter what the cost of the works may be. 
bvel To ‘appropriate money for ‘irrigation wor orks i in excess ( of the p: probable return 4 
would be a radical departure for Congress to take, but it would be in line 
Federal endeavors, such as leveeing along Mississippi, 
| gppropriations, and harbor work. This should be the next step if it is 
pete to complete the reclamation of the West. There is no likelihood of 
private enterprise doing more irrigation work, except in the better 


Wttled areas and | along the Pacific Coast. This work is of sufficient im- 


5 portance to call for the help of the nation. - There is no reason for restricting 


future work to the arid regions. Many swamp and overflow projects are of 


. In many places the bends of this cost above the sale value of water rights ES, 


from of the immediate vicinity and not from the 


“ood eontrol ‘a: not be a burden on any one e. Such conditions on 
baton River, on the Columbia, and on other streams. A mill or two per 


2 kilowatt- hour ‘would not s add any considerable burden on industry or the pope 


tion works of great magnitude. It is the writer's opinion that the people 
‘of Los Angeles, Calif., and the surrounding territory would find it good busi- ree 
“ness to pay 0.25 cent more per kilowatt-hour for power if that resulted in 
“bringing into cultivation 7 1.000 000 or 2000 000" acres of irrigated land in 
and Southeastern California. In the Sacramento and San Joaquin 

Valleys irrigation districts are finding it possible t to build storage works and 
the power to public “utilities es at a price large ‘enough to pay the carrying 
costs on the reservoirs. Many reclamation projects have very little power Berns ah 

7 value. If . however, the power could be pooled it would go a long way 

toward carrying out reclamation enterprises, ‘wherever they n may be located, as 

Tite rather close contact with both h Federal Irrigation District and private 

_ irrigation enterprises, tending over period of twenty- has 
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“Bervice to enterprises 
would finally have to be made. On such proje direct subsid az 
jects as those where construc- 
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a ‘cous of irrigation works will cease, Nearly five years of operating one 
of the first Reclamation Service projects and afterward the e operation of . rs 
arena owned project for three years, and for the past ten years a lose 
contact with ‘of irrigation districts has led to ‘the 


pe: will be devised whereby they can escape the payment of the debts + which they _ 
have contracted to pay. The result that the local politicians have an 


4 “i opportunity to work and something to work on. They, in turn, work on the 
larger ‘politicians until e enough noise is is attract “attention, The 


belief is prevalent that if this noise can be made loud enough and —_ 4 


long enough, relief will be offered them no matter if there is no jus sin 


the or any need of. The result is for the the 
community. ‘There is a tendency to complain, to ask for relief, for more 
facilities, display little desire to get along with what has been provided 
until, it is paid for, and almost no desire to pay , off these debts to the Govern- _ 
The ‘management of the projects is_ directed from Denver, Colo, 


Washington, D. is a bad thing, for distance management is 


becomes little than a chief clerk. The of tine the be 
over to the people as soon as responsible officers can be ‘selected, and 


Government rule from ‘distant points" should be conspicuous by its ab 
‘To this end the irrigation district organization is being used with consid- 
erable success. feels that, in the past, Reclamation Service operation — ; 
‘probably been 1 more efficient, more fair- minded, and altogether | better than 
be expected from local managers, but the writer is thoroughly 
of the final necessity of menegement, ond ‘of respon 
sibility by the water users. edt $1 abe 
aoe Mead believes in the selection of ‘settlers s and the establishment of 
advisers to ‘encourage foster scientific farming ‘and business- like ‘selling ; 


af farm products. Selection of the settlers, is certainly advisable. It is 


a large amount of “stick- to- it- -iveness,’ "and, most important otal 
the mental prevents in the face of failure or 
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bout 1200 settlers on irrigation Plain dis 
cess or failure of a +A small cause of f al t caused 


may not be to men with the requisite of success. 
5 It has been tried, but not successfully so far. Certainly, selection can accom- 
“lish something toward raising th the quality of settlers above. that o those 

who have heretofore acquired homes. on reclamation projects. ‘There i is, how- 

- ever, a great deal to be said 1 about the the equal rights of all citizens | to share im 
benefits of reclamation A large percentage of men are incompetent and 

{ail wherever they go and in whatever they undertake. Sometimes, it seems ; 
fo it would be k better to allow the incompetent to eliminate b himself through 4 bch 
natural processes rather than to appoint. a: committee to do it for him 
by: examination in a way. process is a one forthe 


Ses for selection of atten ¢ nter into the cause of success or failure 
2: ofafarmer. There are in California two interesting land settlement colonies :: 
carried out t by State funds on a plan credited to Mr. _ Mead. One of these 

colonies is a success, the other, a turmoil of agitation. Apparently many 

‘é the settlers on the latter must be eliminated before this colony can ever — tees 
bemade a success. No amount of capital would make successful farmers” out we 
ig some of these men. There is a great difference in the physical conditions ‘ 
of fl these t two colonies, but neither those differences nor the slump in prices 

are altogether r responsible for the difference in n the - two colonies. Some of x 
those subtle changes came about in the mental attitude of these people, and 

“some. of them have changed from. hard- -working and hopeful home-builders 

+ hard-working appellants for further aid from the State. This ¢ sort of thing © 

ean ha happen anywhere, but ‘it is ‘most likely to happen n when the State or 
i is the party to whom the debt is. due. ig 20809 
» There is little tendency to avoid paying the kind of taxes that are collected e 

by the county tax. collector. it Reclamation debts : are placed on the same 
plane as county taxes, a much larger percentage of collections will eaten 
iti is apentionstlty therefore, whether or not selection of settlers will prevent 
failures, F ailures occur in any business and i it t is probable that. reclamation 

farmers are no more likely to fail than grocers any one of many occupa 
tions. One must not expect the future of reclamation to be free from ‘the x 
0 of human beings, nor is it fair to place the blame of 

. on the farmers of present reclamation Projects. In the case of the 

California land settlement colonies a great deal of unfairness has been | evident 
in the discussion of the situation, but this, being a State colony, came 

Following the selection of the abtiler, Mr. Mead urges d 
direction in farm development and of ¢co- -operation in disposal of the 

products. At pr present, farmers receive such aid in n nearly all parts of the mae 
country. There is greater need for such aid and organization in the West % 

where markets are distant than in many other parts 0 of f ‘the United States. — 

The writer has always believed that such aid was n necessary ssary and has found 

t very helpful in many ways. In California, there are farm | = nd 


tations in nearly all the counties which ‘are effective i in 
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KREUTZER ON BUREAU AND LAND SETTLEMENT» a 
Thee 
ig:little need: for. any other organization: special problems aré ‘being 
effectively studied i by the U. S. Department of Agriculture through its yarions 
bureaus, particularly that of Western Agricultural Extension, Every tecla 
mation project can well afford to support an experiment farm. 
ol The field of reclamation does not seem bright when future iutgiah 8 
Pan ‘is is ‘considered. The difficulties which have centered around the Reclamation — 
Service have been felt every organization that ‘has bu it Reclama 
works, There is little encouragement to go ahead except in regions where 
ome there is a decided demand for land. The warmer sections and the coastal val: 
close to large cities are ‘able to. go ahead without Government aid. 
e ie parts of the country development is not going on. Many years must pass 
before there is sufficient demand for new farms to make ‘it possible to proceed _ 


In the: last twenty years: ‘much has been learned about how. w .reclamati 
at none 


er: a but the best be placed ‘i in the hands of farmers. © It i is necessary to select the é: 
farmers in order that the farms be placed in the hands of none but the most Se 


Pee experienced men. It is then essential that these choice farms in the hands 
ae of selected men be organized and advised and directed until they become 


profitable, and until good habits, in an agricultural sense, become established. — a 
Ss Even with these matters all attended to, there is no hope that the reclamation on ? 
are projects of the future will be free from failures. The number of failures, 


3 Direct subsidy of future reclamation when there is a demand for more a4 


land seems essential. Works cost ‘more ‘than the land id is worth in many 
2 cases, at least more than the farmer can hope - to repay in any reasonable time. an 


The question of the future is whether work is to be stopped or whether 
Congress will provide funds in excess of the amount ; which can be 


from the water users. The extension of. agriculture in in the West is so impor ag 
tant that Congress will be Justified i in direct appropriation. 


place. in the cost of developing and equipping irrigated A 40 or 
acre farm with. suitable buildings and ‘fences, including leveling and farm 
ped ditches, live stock, and farming equipment, will cost the farmer exclusive of 


the land, from $5000 to $1000. 
Boe. me am _ Experience has shown that settlers with such amounts of capital are scarce =: 
when found are inclined to buy improved farms in established com 
munities. The majority of settlers who take raw land. on new irrigation n enter 


have capital varying from $1000 to $2500. 


The cost of water and farm development, high taxes, and labor costs 
"precluded the growing of low priced crops at a profit and have made cy a 
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R ON RECLAMATION BUREAU ANDI LAND SETTLEMENT 


with few exceptions unprofitable. The small irrigation farmer, 
his ‘own work, cultivating: intensively and being free from bw rdensome 
bearing | high rates of interest, has been able to pay fixed charges, 


tye 


ing those for water, and to get ahead. “His cro crop values per acre are ‘telatively he a 


igh, his labor bill small, and he has no idle land. He grows a large part of oe 
the ood consumed by his family. These advantages over the larger operator 


; gives him security and freedom from the other’s difficulties. When the gross 
ate from a 40 or 60-acre farm reaches $2000 to $3 000 per year its owner _ 


» The selection of settlers is a eo in the right direction. ¢ ‘It is not ‘expected 
: “that these settlers know how to do porey & farm task efficiently and well but they 


should have had experience ‘enough’ to realize ‘that | ‘to op operate a ‘farm calls: for 
hard work and to know that they enjoy this means of “making a living. Th 
Ps: ‘addition, they should have character and industry and a reasonable amount # 
a ital. These qualifications when | possessed by a settler indicate that he is tek 


Ne Mdaptable for rural life and has a ‘good chance of ‘succeeding. Farming de- 


mands frugal | expenditures and the > practice of economies experienced 
by the « city dweller. The se tler. who has had previous experience knows 


and practices them from the beginning. Selecting settlers in 
3 gecordance ‘with desirable ch aracteristics will not preclude failures but will 


emt Bhe only kind of irrigated farms that pay are those ae are completely 


dened and well equipped. If settlers have not the capital nor the credit 


6 do this it . results in delayed development and the | piling up of ‘debts. oi 


with a low rate of interest. The returns from farming demand this. 
The weakness of Federal reclamation and also of private irrigation enter- 
~~ ises is that the construction of the irrigation system is acomplished by the he 

use or borrowed money and as such is a Joan, yet the only security given is 


to it into profitable The enterprise is not 
then. When it is not completed there is a default in the construction pay- 
ments, This i is like building a factory and omitting the machinery. It leaves 
too mm much to work itself out. Certainly it has neither of the two conditions 
. demanded by any other financial agencies in making a loan—security «ae 
Protection and income to pay the debt. In In irrigation developments these two ics 
— must be created. The safest way to do it is to put on the landa 
good settler who has some ‘eonitle: His investment of capital and labor will 
create » the security. _ Then money may be dna. him on terms he ‘can meet 


Ee come from regions where the climatic and agricultural ‘eondi- 


ions differ from those of their new t. loentions, , To many, irrigation farming is is 
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WALLER 0: oN RECL AMATION BU U AND LAND SETTLEMENT 
. settlers | are given friendly assistance and guidance from the beginning. Thy 
require counsel and help in the preparation of sound financial and agr 

cultural programs. Co- operative institutions ‘are brought. into b being = 
this service is extended by a competent leader. The services of neh a dead 

3S isd doubly required and his duties multiplied if the selection of settlers beco 


part of his duties and if, credit which supervision is in deve 
put 


‘The principles advocated by the: author are entirely sound and put 
‘practice would alleviate many of the difficulties of reclamation. 

= *M. AM. Soo. 0. (by letter).—I rrigation: development 
“rests not only ‘on the cost of water delivered on the land, but also. on om 
productive value of the water and on the price the crop_ will be likely to 
bring. The net value of the crop is a major element in ‘determining the 
a feasibility of a project. _ Before lands are developed, there should be an agri. fe 3 trict 
cultural survey. Such a a survey shoulc assemble ¢ data showing the 
produc ivity of the soil, the adaptability of the climate to “the production 

ee crops, the length of the growing season, the kind of crops that would be oe 


ug 


roe re to be grown on the project, the transporting and marketing: facilities, 
and the probable market value of the crop. ‘Without these facts, the prospective stat 


settler cannot make a rational estimate of the income that he may 


ably expect to receive from his farm. 


~The history of irrigation shows that it has been the custom to make a “< tere 
to determine whether water ‘could be delivered to the farms 


and at a reasonable cost. The author states that: Sin 


was the popular opinion that if water were irrigated agri- 
Bee. see culture would follow, that settlement of land and farm development under 7 
canals could be left to take care of themselves. ‘pro 
The agricultural, economic, ‘social viewpoints have largely been way 
omitted. "Fortunately, the Federal Reclamation Service is now adding to its the 


researches to include settlement and farm development, and is treating these — 


Program study of the economics of the irrigated farm and has extended ie 
as important parts of the reclamation program. | 


uae ‘As in the past, studies must include not only the water supply, the neces re “a 
lag engineering treatment of the project, and the cost of delivering water ue foc 
‘on the land, but in addition ‘the cost of settlement and farm development. — i 
Formerly, projects wi were financed, but now the settlers must be financed. The 

a day when small irrigation projects could be developed by a single farmer of 
-. ik ora group of farmers at a minor cost is past. Future development will cost — ies 
much more; and ordinarily men of established financial credit are not buying 
‘such farms. Only settlers qualified by farming experience are be per 


mitted to undertake to farm irrigated land on Federal projects. ‘Usually 
ae. they will be men of moderate means who will need financial help to make 


Ey ‘it possible for them to improve their farms. Shall this new policy be accepted, 


additional studies made, and credit arranged for the e development of 

farms? Or shall the statutes providing for Federal irrigation be repealed 
a 


owe Bo Vice- Pres., State Coll. of Washington, and Head, Dept. of Civ. Eng., Pullman, bre see, 
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toads and jack-rabbits; or the Federal be forehanded 
and develop its natural resources, irrigate its arid lands, and thereby provide | 

fomex'and food for its rapidly increasing population? 
con coming to a ‘conclusion as to whi hether unprodu sctive lands are to be 


developed or to ‘remain barren, it kept in ‘mind that the last great 
and that -fature tillable soils must come from irrigating ‘arid’ lands,’ from 
draining: swamps, or from clearing logged-off areas. The world’s population a 
- ia constantly increasing, while the limit of tillable areas has nearly been bees 
reached. E. Baker, Agricultural Economist, U. 8. Bureau of Agricultural 
eonomics, states “The agricultural production of the United States is 
no longer keeping pace with our increasing population.” a the rural dis- hig 


West has: passed into history, s as far at least as cultivable lands are concerned, : 


trict of the United States, the yearly increase of population is about 600 000. era 
These young people know ‘farming, and farming ought to be made profitable 


enough to induce them to remain on the farms. The demand for agricultural 
nd has constantly been increasing, as is shown by the increase in land — 


alues. The Hon. Henry C. Wallace, former Secretary of Agriculture, hes 
stated that:‘t 900 Oat od bloow ni botial odd 


“The: average ‘value of farm land (including buildings) in the United 
es States increased between 1850 and 1920 at a rate equivalent to compound in- 


terest on the 1850 valuation of 2.65 per cent. The increase Soom: 1960 to 1920 

- at the rate of 6.47 percent.” endl M brew. 
‘Since 1920, there has been a slight drop from war Prices, irony oF 2 


When arid lands can be made to comm, Che: load for water with 

which to irrigate them; to pay for the lands, for their development ‘and im- — 
provement; to pay a reasonable interent. on on.the farmer’s investment and pay 
wages for his labor and that of his wife and children who work on the farm, 
the be interested in their development: . 


‘the homes thus made possible : for its population. ot 


a should raise. At present, farmers are raising ‘too much of some kinds of ae 


food and not enough of others. Probably the yearly fluctuations in yields aoe 


= always” produce temporary over-production in one crop or another. It is 


a question of permanent over. raising the kinds 


be. “The real 
« should be get a as much as into continuous and profitable 
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Boon swamp must be They are the nation 8 most fertile 
asset. People talk about abandoned farms; they ought to be abandoned— 


mang of them ought 1 never to have been deforested. Mr. Baker says:*.. 
--8The trend of land utilization in the United ‘States is toward the more 


use of the more fertile or more favorably situated land * * 


and toward the less extensive utilization of the less fertile or less favorably 


ing! area be all the N ational land resources will be 
_ for domestic food production. _ Mr. Wallace estimated that the population eg 
the United States in 1950 would be 150.000 000. Raymond Pearl, 
- Specialist in Vital Statistics at the Johns Hopkins University, estimated} — 
a population of 150000 000 in Continental United States in 1950. This is an 
i " increase of 45 000 000 over the 1920 Census. The same thought i is ably dis 
by Dr. Edward M. East, of Harvard University. 
To provide food for the normal increase in wre ll counting immi- 

Mr. Wallace estimated ‘that it would be necessary to bring under 
cultivation 8 000 000 acres per year, or approximately 250 000 000 acres be 
ee, ee tween 1920 and 1950.8 Mr. Baker states that improved land increased less 
; 3 than 5% from 1910 to 1920, as compared with 15 to 50% for the ‘previous 
This 5% increase was practically confined to the ‘precariously pro- 


The land ix in United Stites use without irri: 
"gato, drainage, or heavy fertilization is nearly all occupied. Conn 


Federal: Government continue the policy of developing its non-pro- 
; carefully studied and plans should 
made for plans should contain a careful exam: 
ination of all features pertaining to the soil, climate, crops, availability of 
water, and engineering treatment, and should provide for the selection and 


wan vy 
t In an article on “World hes 
§ See Year Book, v. 8. of 


AS much farming land backto 
the jungle state as is reclaimed bv irrigation and drainage. "The noores lend, 
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of land § Otherwise, the cost to the settler will be much 
and the development of irrigation projects will be greatly delayed. 
ta _ The development of the land resources of the United States should be Fe 
as rapidly as the. new lands can made t to provide proper guar- 
anties for the return to ‘the Treasury of the costs ‘of | developing them. 


suggests that a systematic study. should be made of all 
_ may ultimately be irrigated, cleared, or drained, In other words, let a Federal 
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SOCIETY OF | CIVIL ENGI ENGINEERS. 


This Society is not responsible for any statement made or opinion 
atenarre mor fertilée re favorably 
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ITH Discussion BY Mesens. W.G.s SWENDSEN, CHARLES i. Wesr, A Haer, 
Twrany, F. H. Watrer E. Packarp, 
be ‘De. of Darvard Vai versity. E 
There are many different aspects and phases: to the problems of land settle: 
ment o7 on irrigation projects. The subject is treated with the intention rather 
to > suggest ideas for consideration end discussion than to attempt any thor- es 


has been in a broad sense a district, railroad, or 
_ private colonization agency. It is realized that the maaner of financing, sale ; 
of land and water rights, collection of charges, and handling of settlers, varies 
so widely that in a brief paper suitable distinctions and qualifications of state 


ments cannot be made to conform to all conditions. 


‘There are probably very few irrigation projects under which 
* 

aN have i in n these cases been solved or have become modified by local | conditions. — Ris 
Bei. ‘This pap paper, therefore, will be directed more particularly to the large isola 


= the existing population small factor in settlement 


* = ment and operation of the system. A large part of, and possibly all, 


“iF inal « capital investment must be made before any ‘returns can be had and ‘the: 
investment has been increased by ac accruals of interest and annual costs. as 


a tlement is not possible and desirable, but many of the settlement problems 
at projects, developed on desert or sparsely settled range or dry-farmed mane | . 


As soon as the first dollar is spent on a project, the al charges be begin. 
ae First, there is interest, then maintenance, and the annual charges of manage 


i e- * Presented at the Summer Meeting, Salt Lake City, Utah, July 8,1925.  — a 
. of Operation and Maintenance, Bastern of 
. P. Ry., Brooks, Alberta, ‘Canada, — 
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Only when water is available can settlement start. 
tee the returns on the invested capital must be produced from the land 


f through the medium. of farmer settlers. Money, energy, and art are required | oF 
make a “new settler” out of an. ordinary man, but the art has” been well 


developed and when the ‘money is available the e energy is easily commanded 
& and by well-tried methods settlers are obtained d whenever economic conditions 
i are favorable. The foundation is laid for one of the first and ‘most a ee 
portant settlement problems, namely, “dissatisfaction”. A family which pos- 
a sibly had no intention of moving has been persuaded to sell, move a thousand a a 
= or so to a new district, of which it knows nothing, to engage ii in business ; 
wholly new to it under new ‘surroundings, and among strangers. Possibly 
the finances were inadequate or the personalities and training of the members 


of thi this family such that they w were foredoomed tc to failure or to a long struggle 


dias against t difficulties. Yet the project has to be e settled in in order to pay the a1 annual | 


return the ir investment Cif possible), i in addition to which such settle- 
_ mént is necessary or desirable as a step in National development, to provide 


traffic for a ‘railroad, or to sell ll somebody’ 8 surplus land. 1 The promoter then 
may ay have two definite objects i in view: First, to ‘secure a of the invest- 


ment; and, ‘second, to populate a and | develop the project ai as a 8 National enter- — 
_ prise or rt create | traffic or other kind of business. The pioneer r settler often 


- feels that the secondary objects, which do not directly benefit him, are so im- 


c 3 portant that he, as an agent in in n accomplishing t them, is entitled to ) special con-— 
If th the settlers on a Project are prosperous, have tl their farms paid for, or 
ie see ‘that. they can pay ina ‘reasonable time; in n other words, if they are ra 
_ making money, there i is no serious settlement problem. The problem, in fect, 


to bring. about | this highly. desirable state of affairs. tei 
2 Iti is necessary, y, therefore, first to to have settlers, and t the proper kind to get and 


‘this: it It i is sufficient to repeat that the art of getting settlers 
: well developed. Most new settlers s find themselves on the project that some 
colonization organization has chosen for them without any very clear _con- ce : 
sciousness of how they. got there. Fortunately, m many of Flat feel that they — 
arrived there by their own choice and initiative and this undoubtedly reduces Ses 
“the percentage of dissatisfied or ones. _ Within certain li limits the newer the project e 
“ae and the less development it has, 1 the easier it. is to gt get settlers, as as there i is gen- ‘ 
erally the talking point of large areas of cheap land to choose from, with 
2 chances for for speculative increases in land values, , and the he absence. of f actua oe 
trials and ‘failures permits a freer scope in painting the ‘possibilities. 
There is is undoubtedly much room for greater care and judgment in 
_ing settlers, but t under the most fa fav orable ; conditions | 18 there y will always be mis-_ Se; 
fits and others who, for various reasons, are foredoomed to dissatisfaction 
failure. At has become a . saying } that the first two crops of sett of settlers will fail 


ond that the third and following crops may achieve success on » the pioneer ec 3 
S work of the first two. . This is not strictly true, and it is probably more an “a 


prrect to say the successes of the he first t two | crops, even. if. comperatively 
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eS te > As the first settlers | come to a project, they face a complex and critical: set a 
ae , fair conditions, although more often than not they do not realize this. They ate — 
eS full of hope and confidence, based mostly on the Tosy y tales o: of salesmen, They 
strangers in a strange land, among neighbors as new as 3 themselves. Even 
os” an they have farmed before they are facing a new type of agriculture, and this ne 
is usually if they have. e been irrigation farmers before... Previous 
irrigation experience may not be much of an asset if it has been with a differ- 


es hard. ey is likewise essential, that he and his family be pe one ete 
for many. ys Rl are traceable to dissatisfaction or homesickness. of the wife . 


~ - other members of the family. The previous occupation or finances are of 
Be lesser importance, : although other things being equa , there i is no question that 


aman with previous farming experience is a better prospect. A certain | minimum 


; a aa amount of capital is necessary for any particular set of conditions and larger 
7 capital will undoubtedly enable : a settler to get a paying ba: basis sooner if it 


is judiciously used. Tdo often, however, the settler with ample “capital diss 
sipates it and sets himself back by the of time consumed i in so doing. 
Be Conditions vary greatly on different projects. “On some, the e lan and is native 


eee Al. god which has to be broken; on ‘others, it is desert land, possibly covered with - 


S Brace brush. In others, the land lies so nearly perfect for irrigation that water 


‘may be*spread satisfactorily without preparation; in others, an expenditure 
5: St capital, of ‘time, labor, and } money must be made in smoothing, leveling, 


= ‘grading, or checking | the land before a crop can be Planted. Expenditures, 
equivalent to use of the land for | year or more, up to $50 per acre, are not 


“uncommon. If the settler purchases 40 to 160 acres of land it may easily be s 

sq number of years before he can have all of i prepared for irriga ion. The hake 
Aimer of years Defoe ext ave all of df tion. Th 

‘proper sequence and proportions of the various preliminary operations and 


es ‘the economical use of time and money are very important and this jis where 


i 


wd On’ “large projects it’ wil take a number of years to complete settlement 
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ably located land, , giving, al also, due to operating 


tered settlement increases annual costs and the development of the 


to all projects in ‘the United States and Canada, which can be ; grown | succes 
ee fully and for which markets can be most easily developed, but even alfalfa 
ae ie growing usually goes through a period of depression when the supp. ly exceeds “a 
local demands and before the live stock in industry has caught ap p with it. 


ier 


Generally speaking, irrigated lands “are adapted to a wide variety of crops 
which become a drug on the market after the loca) demand is satisfied ‘and — ig 


intil the community is “sufficiently ‘to develop markets, or un 4 
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SETTLEMENT OF IRRIGATION PR 
are large enough to induce outside buyers or come 


The ‘new settlers’ acquainted with their neighbors; adapt them- 
ed the new | country, learn its climate, amalgamate themselves into com- see : 


"munities, create a a social strncture of schools, churches, business centers, ete. 


3 
climate, crops, markets, etc. These ce usually tend to uniformity 
one project, ' due to uniformity of conditions, | patterning after practices = 
: similar projects, and to the necessity of adapting ‘them to the design of the 
system. For example, they will differ very materially on system 
tuts 
designed to deliver irrigating heads of 1 or 2 sec- ft. Pcaeenpoee from . 
— designed for heads of 15 sec-ft. , or more, in rotation. The evolution — tee 
ext 


tend through a long period, gradually changing from a continuous-flow — 


isameit To bas moitibmos asolverq- 


There is a natural and usually unavoidable tendency to excessive 

i misuse of water in the early y years, for which poor land preparation due to mae oe 
yy lack of knowledge, time, and capital, inexperience in irrigation, excessive ie 
water supply, and ignorance of the dangers of over-irrigation are eonteibuting 

The next step in irrigation development then following is the appearance 

‘seepage, a rising _water- table,  water-logged land, and alkali. These fre- 

appear on land that has just previously produced exceptionally good 3 
_ etops with little or no irrigation and may cause widespread consternation. we 

_ Probably, in most cases, these conditions are not actually caused by avoidable ‘ 

Se of water, but the date of their appearance is advanced by it. Most dis- 
conditions may result, Farmers whose equity in| the land is small 


way. ‘The price of was probably based on the construction of 

irrigation only, n no allowance being made for drainage and reclamation 

% of injured land. The settlers place the onus on the promoters; the promoters er 

it. the land i is largely paid for by the settlers, the ‘promoters can 
wash their hands of responsibility. “It may develop as as a problem not directly eae 

associated with the irrigation system. A loss of time almost surely results *) 

during which the ability of m much ch land to rpendoas crops is impaired or | de- 

‘troyed. Eventually, i it may an organization of a district with the 

of additional capital for drainage purposes. Extensive studies are 
Tequired | and at the best there are many unsatisfactory ‘and obscure features and 

‘many questions still unsettled with respect to drainage and reclamation hi 


alkali lands on a paying basis. On many existing projects the water- -logging 
and a alkali problems have been solved, some fortunate ones have never had them, 
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ye sufficient money and authority, ‘engineers. ¢ can build an 
system, and, “also, to many engineers in past the design and building 
express th their and theories in 1 design and execution. on. ‘They hes 


e 
not recognized, or have ignored, ‘the fact ‘that the divesting dam the 


using the irrigation water ¢ an instrument in production, They “must 
‘ es only pay interest on the construction cost and eventually ‘extinguish the prin- ? 
be  Gipal, but they must also make ‘Payments on the land if it is priced separately, i 

’ = _ pay th the annual operation costs, taxes, and farming costs, but it must themselves 


ive, with such degree of comfort, and with such of the social and material ze 
“4 conveniences a and luxuries of life and with such margin of i income over expen- 
ag diture as will make them feel that they have bettered, or stand to better, the 
_ previous ‘sendition and opportunities of themselves and their families. It is 
: a unfortunately tn true that too many expect more than is reasonable in the pioneer — 
= _ days and those who win soonest and surest the comforts and luxuries of life Be 
those wh who practice frugality and self- denial during this period and who 
build up a capital reserve of productive land, equipment, and bank accounts... 
The irrigation system then should be designed as an instrument of servi ; 
to o the farmers who * will come after, and as cheaply as practicable « so that the 
aa _ farmers, who ‘must eventually | pay for it, will be burdened as little as 8 possible. C 
The design 1 and construction of an expensive or untried type of structure | to 
gratify the designer’s vanity may prove to be a a costly error. No irrigation MA 


ag system is used to full capacity in its early years, , and cheap or even makeshift: a 


be construction may well be justified, “leaving enlargement of the system ‘and 
rmatient construction of many structures to be carried ‘out in conneétion 


by promoting scour, possibly causing material to 
_ where it can be used to advantage i in strengthening banks. “Much of the ‘ 
material may be automatically disposed of by being « carried to the ier 


land. Tt re requires more courage, self- restraint and good judgment to build 


4 cheap system than to build an expensive one, especially if ample funeyg are 

An irrigation system should be designed and built for service and it should 


=" “also be maintained and operated for service. % The watchword of every opera ing 


Za organization should be ‘ “service” for twenty-four hours every day—personal 


“service to every irrigator. “System is nowhere needed more than in 1 delivering 
water. ” Rules, policies, and records are necessary, but these ‘should be rawn 


to serve the best interests of the irrigators, individually y and collectively, and 
“not to suit the convenience e or swell the > pride « of the operating organization oF ass 


aa its head. The system ‘should be operated so as to contribute in the greatest t 
degree possible to the productiveness of the land and the prosperity | of ‘its pur 
chaser. Every member of the. operating organization, from the head downward, 


- should be “ordinary As ean the farmers so that they can achieve a vm 


=. 


J 
3 


= 


= 


= 


3.5 


— 
— 
— 
— 
| 
they spend, must be (Or 18 expected 10 be) returned With. interest hy 
— 
— 
4 
; 
44 
| hely 
— 
= 
a eac] 
— 
Tey 
It 
— E 
is 
pre 
— 
— fal 
— 
— 
1s 
— ad 


“pathetic of their problems; and aspirations, and, at 

- the same time, show the farmer that certain rules and restrictions are neces- 

sary to an orderly conduct of business and in the interest of the community and 
the individual. One of the troublesome features of irrigation farming is that Ae 
each farmer must give up some of ‘this individuality’ and freedom of action to : 
a satisfy the relations of irrigators to e each other. ot 
organization, or r organizations, either established by the promoters orb 
agencies for experimenting with and introducing new crops, educating 2 
_ the new farmers, developing markets, and guiding the evolution of farming and 
ation practices, is very useful if n not absolutely necessary. Such a 
organisation should keep in close touch with farmers, not only to 
i. new w ideas, but also to gather and distribute the cumulative experience of the bat : 

farmers themselves. operating staff can, with advantage, be organized 

perform such functions, but if an independent organization is 


b be closely associated with and its work correlated with that of the 
et. 


land is sold o on small payments down and emall annual payments there- 

he farmer has, for some years, a ry small e equity in the land and, 
3 oan but little incentive to stay, unless he is getting good returns. If land — * 
ms is cheap, settlers will incline to purchase too ‘much. Tf times are bad, and 


“te e settler gets discouraged, he has no anchor to ae him n and can abandon 


é 7 pick settlers carefully, to ee pare they are the ri ight type, ‘toot they have 


least minimum’ of capital, and to Have ian’ educational organization ‘to 
Sten ni cost the colonization | department an: anything from a few dollars 
each up to several hundred, or even more than $1 000 each, and as little He money ve 
as possible should be wasted in unproductive | expenditures for this purp purpose. 
a It is probable that in 1 the first y years many - of the settlers will not meet ae 
‘ contract obligations. Good judgment is required in dealing with them, Te 
r is a distinct loss in money, time, : and } prestige if a settler who has cost several 
. a hundred dollars abandons his land. Therefore, each settler should be dealt 
with individually on the merits of his personality and his situation. Itn 
a good investment to ‘concessions to him, or, on on ‘the other hand, 
may be the best kind of business and a real kindness to him to close him out. 4 
effort. should be made to have each farmer incr increase his ‘equity in n the 
land by payments, even of small amounts, on his contract and by productive — 


4 improvements to the land. The building up of attractive home surroundings 


| 
isa 1 strong tie in holding a settler, but the construction of buildings | out of 
id proportion to his means, or the purchase of unnecessary or high Priced equip- 
ment and live, stock is a drain on resources and is 


may use the money for farm development. It is the writer's opinion that 


is almost always unwise. Iti increases the farmer’s debt, leads him into i. 
advised expenditures, and _ to dull his conscience with respect to his con- 
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e a obligations ere incre 
£ unpaid interest, operation, a and maintenance charges, or taxes above 
original principal amount, his. affairs and,, therefore, the affairs of the pro: 


noter, are in an unhealthy ec condition. The seller of the > land. is protected 


only. by the margin between total contract “obligation ‘and. the net price 
which he can realize from the land if it returns to him, and, in this,’ account 
must be taken of the time and cost of abrogating an existing contract, ae 
time and cost of securing a new settler, and the risk that the new settler wil] Ae 


fail, even as his predecessor. It is, therefane,: desirable to keep the sale to 


;, Bane each settler i in good standing and one means to this end is to exercise definite, 
; but. not irritating, ‘pressure to reduce the. settler’s | obligation. at regular inter- 


vals. Ii is the > writer’s opinion that the agency y for 1 this purpose ‘should be 
re located on the project with full authority to deal with each individual fa > te 


under the limitations of any general rules or policies that may be laid down, 
oft Where land is sold on contract and the settler has no title to the land, 
or where it is ‘covered by a a prior lien, it may be . difficult: for him to secure ae 


i careful attention. . Generally speaking, if ie has title. to the land and the lien fe 


EE is in the form of a bonded debt he will have less trouble with financing, If 


py. and when each of a large proportion of the settlers acquires the major equity 
in his land, the settlement problems are | well on the way toward solution, ps 

Bi If and when land values increase, land seekers become plentiful, and ens 

ding the outstanding contract obligations against the average parcel of 


land are readily available, the problems are largely solved. _ When these con 
ditions have been attained they will be evidence of the, facts, that the © combine 


conditions have been favorable or adverse conditions have been overcome, ‘a 


crops have been produced and marketed profitably, and that what was 
‘inally a group of strangers in a land have become a a community. of of 
friends and neighbors, with schools, churches, and attractive homes. 


be or such a stage has been reached, the problems of the pioneer, which are the prob- * 
settled Oy | 
Sues 
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Iscu Us I Lon 


Swe M. Ax. Soc. ©. E. (by letter)—This paper is 


ay raluable contribution to the meager information concerning this 
Any discussion of itr it must | be based, necessarily, on perience and observation 
 gince it is abstract, “not to ‘say complex, ‘and cannot be made to yield to any 

Se concrete or scientific analysis, It would be surprising in a discussion of such z 
a Puihject if wide differences « of opinion did not develop, , but, notwithstanding z eG 
ths condition, | the writer finds himself largely in accord with the author, 
and will endeavor, therefore, to elaborate on one or two matters of 


the person must be with ample or with an un- 

limited supply of physical strength, endurance, courage, and with a mental ne 4 

development capable of of directing these forces; after this is accomplished, the ey 


farm provided and improved, the larger problem—its successful operation 
and the enjoyment of life during the three hundred and ‘sixty- “five days 


a and a full realization of the seriousness sof the business must be appreciated © 
S if suecess is to be obtained. _ Success is. used here in its broader sense and Bie 
implies not only fnancial gain or prosperity, but happiness and contentment 

_* well. To the extent that Government t agencies, including States, cities, a 
and ‘municipalities, e engage in colonization, i it must be assumed that the. pur- 
pose is to build good citizens, promote public welfare, happiness, 
and add to the well- -being of humanity and of the nation, , generally. 
While: other agencies are engaged i in the business, and quite properly, for finan- 
cial gain or business advantage, the real seriousness of the > matter—traffic i ee 
human beings—should not be overlooked. Families should n not. be encouraged — 
__ to abandon cities or other homes to take up life on the farm until it is dei 
nitely known that they are equipped and fitted for such a vocation. 
should be equipped not only financially. but, in addition, have ; general fitness Bi 
for the new life they are to undertake... _ Education or understanding of one’s 
work and sympathy or or co-ordination with one’s surroundings are | essential to 
both financial success s and happiness. “After all, these ar are the ‘real essenti : 
farm life as in other businesses, 
Primitive man, by reason of his limited mentality, was contented and 
happy w with a full belly and a gratification of his physical passions. In the 
present highly intellectual age, understanding of f one’s 8 ‘surroundings and work — ‘ 


Ate essential to success and happiness. _ There i is no more interesting or whole- 
some work than that of farming under irrigation, ‘dealing as it does with the 
natural | elements of sunshine, soil, and d soil fertility, atmosphere, water, ete, 
‘ad the bringing of these se together i in “maturing plant life. The greatest re- 

turn ‘cannot be had from such a a vocation unless the participant is 
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in 


out 
= deal, Likewise, it must be a dull life for "the farmer, isolated as he j is from 


é extended contact with his fellow man, if he is ‘obliged to devote himself to 
Fi ‘ the mere physical task of getting results and i is not equipped with the Proper 


~ hy 
training to consider the interesting scientific end of crop p production. 
i irrigated farm, , offering as as it does: conditions well adapted to 


fentility,. and the adjustment of crops to market and other conditions, 
offers advantages not enjoyed in agricultural t territories where irrigation 
not practiced. With these advantages, however, the farmer also must assume he 
AS added responsibility and, if success is had, must be be. equipped to farm und under 
ik So long as the farmer must sit on his plow from day to day with no other By 
= than that « of how nicely. the furrow turns over, or how: difficult his. 
daily manual tasks are, farming will be a drudgery; but when he is able .%: 
understand and the ‘simple, but very interesting and beautiful proc roc- 
esses through which plant and animal life pass to reach maturity, drudgery 
war cease and his daily tasks will become a real pleasure. — When this condi- 
tion is fully realized and satisfactorily solved, the greatest problem in colo ct 
will, likewise, have found a satisfactory s solution. 
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cite just one glowing example: In 1910 a settler was as observed building 
__ his house on piece of land under an irrigation project in the West. The site 
was on sloping ground. ‘He had not even taken the trouble to level up the 

foundation on which he wa was building, and w was so inexperienced in matters = 


of this kind that this necessity did not oc occur to After it was is called 


his attention, he readily yielded to the suggestion ‘and with some me assistance . . 
a provided a level foundation. . Later, in the building of the superstructure, , this 
settler ‘made the mistake of putting: the weather-boarding on his house } 

upside down. Similar experiences were had in the improvement of the farm 
and, finally, its operation, until aft er a comparatively short time, his 
funds ‘and courage were | He had ‘waited’ two or three years of his nie | 

re life and that of his family only to meet with dismal failure and to return <4 = 
his previous work | in the city, that of operating ‘a street car. r. This man was :: 


Cia equipped with physical strength and mentality to | perform the tasks on the 
Sane farm, but neither of these energies w were 1 trained for such a pursuit. Had the = 


two years | wasted on the farm been spent in an agricultural college, or other q 4 


. -_ institution, where the fundamentals o of farm mechanics. agriculture, ‘agronomy, 
- soils, ‘and other | subjects, are taught, this , farmer | could have moved ona farm 


words, if ‘on irrigated | areas is to “encceed settlers 
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gation and farming, and who are adapted by onael inclination and eines i 


ment to the work which they are undertaking, at baat eid 


_ Assuming that the natural agencies exist, for example, that the soil, cli oe ‘ 


mate, market, and | other conditions are favorable, that the water supply is 


sufficient, the irrigation works and systems are adequate and 80 permanent — 


4 
re the only means by which the investment in any irrigation enterprise | can 


gto insure a a continuity of service in the delivery of water, then the © ( colo- 


‘ ene is rather unfortunate that, because of 1 the selfish ambitions of promoters, — 


- citizens, ‘communities, and other institutions, the ‘tendency is to promote the a 


+ 
= ‘reclamation and colonization of new or unoccupied areas in advance of the 
time when economic ¢ conditions, including a demand for increased farm pro- 


warrant development. ‘Inv view of present conditions, 


the policy should be to promote the interest and prosperity of persons already 
— ‘the farm to the end that each farm may be made ; a good one and be put 


on a dividend- -paying basis; if and when this is riistitengtinaie colonization of 
areas can be had with little, or no, difficulty, 


_ CHARLES H. West,* Assoc. M. Am. Soo, C, E—With the exception of South- 


. em California and the foothill fruit areas of the great interior valley, irriga- 


ae tion development in California i is for the purpose of increasing the agricultural - 
production of lands already farmed. Most of the small projects are now com- 


consolidation of several projects into unit. 7" ‘The problems, therefore, 
: are different from those of the projects of the arid 1 region built for reclama-— 


Bax for in California the proper type of agriculture i is established and the 


best st methods of irrigation practice are well understood. A change from dry a6 


‘ farming to > irrigated farming involves t the subdivision of the land, the leveling, 


pleted so that construction generally is for the « extension of projects or the 
wre 


a 


4 pen and growing of general crops, a task less difficult penned 


an. The pioneer type of project settler i is now nearly i a thing of the past. A 


few y years ago , settlers 3 could become established with little. capital and could ~ 


eiiciency i in farm operation, and better business methods. 


— * Asst, Agri. Economist, Agri. Experimental Station, Univ. of California, Oakland, Calif. — 


larger producing area. The keener competition with older producing areas 
and the increased standard of rural life demand better farming methods, more wes 


“movies”. . Taxes are also higher due to the paved highways, the many a ha 
School buildings, etc. Because of better transportation facilities and better 5 


‘ 


nization, mn, if done with the 1 right kind of settlers, \ will sueceed . Obviously, ‘ ‘this = a 


get along on a small li cash i income. ‘They produced much of the food they 4 
sumed and the standard of living was ‘simple, To-day, the family 
and home-cured meat are seldom used; the neighborhood grocery store ~ oie j 
4 33 meat market provide | the farmer’s food; the e standard of living i is much higher; 2 


is almost impossible for a man with | ‘no capital to improve and pay for a 
farm. He must have money enough ‘toi improve the land when he buys it or 


capital enough to pay for his household and operating expenses while he is q 
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developing the farm. He cannot compete with others if only one-third 


i Ze his land is improved, except by greatly reducing his standard of living. 
‘To-day, the farmer’s family is not willing ' to remain on the land if too much — 4 
gelatine is experiehced, for it is generally only a short distance to town where 
easier work can be obtained. 
Owners of land for subdivision, bankers, and real estate men have 
to recognize the amount of capital needed to develop farm 
; 7 ay land. This is emphasized by the lack of interest shown in considering planned — pal 
Pa rong settlement. If raw land costs $50 per acre and when improved acreage 


ae 


“is is worth $200 per acre, where is the settler to get the $150 per acre to put ll ie “| n 
the. farm# ‘Then new settler usually has about 15% of the capital needed to io 

purchase and. improve his land, and, hence, his credit with the bank will 

quite limited. Only through help and co-operation from the former owner, ean 
he hope t to ‘succeed. The former owner often rents (to the settler) farm 
ya ment or additional land and by introducing him and speaking a good — ie the 


a a for him to the local banker helps him to obtain credit, and often foregoes pay- e 
pA ments due him on the purchase of the land in order to help the new settler to - 
a become established. If the owner is not willing to co-operate to this extent he ‘ 
2A should at least make sure that ; the purchaser ei either | has sufficient funds to see 3 
him through to complete development or is discouraged from the undertaking. 
; To see the venture to half completion and there encounter privation and dis- 


BS couragement is unfortunate for ‘both the former owner and the purchaser. 


Many land owners have found that failures. on their projects are poor advertis- “4 A 
ing and, therefore, expensive. It is being re: realized more and more that settlers 
beth: who have a possibility of success must be e selected and not merely those who 
Ea ti a have a strong desire to succeed. The principal requisite to success, aside from 
Po strong ar ambition and an inclination to work hard, is the necessary amount of 
eapital to develop the farm to full production, or the equivalent, an amount of 
_-eredit at reasonable rates of interest to see the venture throughe 
To give ‘a more definite idea of the capital involved’ ‘thy 


development in California, the following illustration is presented, "This 


example has been selected at random from the records of numerous farms that 


have been studied. This farmer purchased 84 acres of raw land in Ju une, ne, 1921, . 
and now has 26 acres of the 34 developed. His investment in the farm con- “if 


q 


it 


= 


23 acres of land at $250 pe r 4 $8 587.50 

144 acres of alfalfa, at $33 per acre. 478.50 

44 acres of vines, at $285.05 per 108771 
2 acres of trees, at $142 per acre..... 00 


Household goods. 
Live stock: 18 dairy cows, 5 heifers, pure bred bull, 
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The total expenditure represents per acre re and a 
— 


_ Because of refusal t to > recognize | the large capital | required d to develop farm : 


no effort rt has been made to provide : financial machinery to the gap 


Trouble also has been from failure to appreciate the 


- and th the e expense i involved i in | improving raw land. The lanning and developing — 
of farm land can be done ‘most economically by those experienced and trained in 


d development. The trained and equipped organization does the developing © Bart 
ina a thorough wé way th the first time, eliminates all waste of time in performing the 


mil 


 pecessary operations, and away with the losses: caused by doing 


it that the first time. Few farmers do their 


ed may not be sé or 


chase price, He works and saves his earnings from a plant the layout and 
capacity of which are familiar to him. Returns from farming « are small, it 
aq takes a lifetime for a man to acquire and pay for a farm. A farm represents — 


capital. It ‘should take y ars to acquir suc. an est te. 
ears to uire tat 


The irrigation project settler with no more capital begins the of 


afarm. The first year he has no income. funds are exhausted when 


is about one- third one-half ‘developed. He tries to develop the 
a remainder of the farm and pay f for the land with his plant working a at one-third — oy 
» * ) one-half its capacity. . No wonder h ships and misfortune overtake him 

Fe and his family. In the past, lack of capital has been paid for by privation and © 


hardships. Tt has | been a an expensive sacrifice all but those who who get 
subduing and conquering a difficult situation. Those who persevere ‘ad 


From his experience in studying irri ation proj sand interviewing rm- 
i g irrigation project ing fa 
4 ers to learn : of their financial eondition ‘end: to o determine their financial ah 
‘ments, for complete development, the 1¢ speaker | has been deeply impressed 
the en enormous | waste in land improvement and the gross | miscalculation, by 
:: those i improving land, of the capital needed for development. Possibly organi- 
tations promoting land se settlement have refused to . consider the capital need e 


a of settlers because most settlers had less ci capital ‘than their rough « calculations 5 4 
4 Beside and in the 4 
farm layout, in order to determine the capital requirements certain 


assumptions must be made of the i income that. may be were ne the land 


is and for several years the operator applies earnings on the pur- 
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§ ditch system is inconvenient, or some of th 
eS, This is true with all farmers. It takes much more to get the farm layout po Mie 4 ees 
final form than was expected. This is only natural, as a farmer usually 4 
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velopment. ns of | capital requirements 


-- can be made eo those experienced i in land development and colonization work, 
. as but to a large extent these figures are | arbitrary and ‘the assumptions far from 


accurate. _ Engineers. make their estimates of the cost of construction based 


fe on yardage ‘calculations, current costs of construction, , and th he usual allowances 


= for contingencies bas on n past experience. Yet more of these e estimates fall 

short of the e costs than eq Gost of "construe action. It is highly 
desirable to ‘determine from actual the of success usua 
as 


= attained i in ditching g and leveling farm land; (2) the losses sustained i in apes 
temporary installations until “capital is “obtained with which ‘to. instal 


contingent per (4). what are reasonable (5) how often should 
crop failures be expected; (6) of the crops produced for how much will the 
= zt producer find a market; ; (7) what are safe prices to assume; and (8) how ‘much 3 
NI outside employment cs can the settler find while improving his farm, ete. These 
data are essential to the project settler. It is easy to. leveling, 
. _ checking, and ditch costs for a large outfit of trained men using good. equip: “E 
ae ment and having plenty of capital on which to operate, but the results for — 


sell him land on small initial payments, charge ‘a low Tate of ae 
‘extend the payments of principal over a : long period of years. Not many land 
a ae owners have the capital or the desire to undertake s such a program. For own Nae: 
a8 ers of farm land who have not sufficient "capital to improve and ‘subdivide Le 
cs their “property, and in reclamation a projects where the land is owned by the | 
- Federal Government, , some pr provision ‘should be made | for obtaining financial 
assistance for the ‘settler ‘undertakes the development of farm lands. 
iT Ne financing agency must be associated with the management o: of the project * 
both. must be key pt free from politics. ‘State u universities, ‘the ‘Federal 
ee Reserve Board, and the Federal Farm ‘Loan Board perform public serviee 
4 = free from politics, - This agency | ‘must | be kept as free fi from moles tation from 
local bankers, ‘politicians, and settlers’ committees as possible, and must 
ae Ss have. authority to deal firmly with each settler as the merits of the case 
‘require. — _ The management n must be thoroughly business -like ‘and each settler — 
under contract ‘should be compelled to follow out an approved program of — 
farm development. The agreement 1 must be flexible, but it must also be 


definite and binding and should not by authority from the 


Pay 


management must check up the operations to see that he lived up 
to his contract and performs in at thorough and proper manner the work he 


to Competent ag are a) necessity for develop- 
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‘ment and with much less capital than he needs, 18 a lar different consideration, N 
ee ae If the owner of farm land to be subdivided will plan and improve the farm a © th 
fi a units before sale he will eliminate the usual waste in land development, but ee i 
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ment. Past experience has demonstrated that for ‘successful operation: of ‘1 a 
is the settlers must have representation in the management. Hao mew 
es There a are no more misfits in agriculture than in any other industry, but — 

we 

due to a lack of consideration of the problems here mentioned, which a arehighly 
is ‘essential i in planning land settlements, and also due to lack of appreciation of - 
proper financial facilities to finance farm development, it has become a ola 


"3 that “it take: takes two crops of s of settlers to make it possible for the third to stick”. ais oe 


oR A Harr,* M. Au. Soc. C. E. (by letter) —The ‘author points out the — 
moet universal need for artificial drainage on irrigation projects. The possi- ee 


bility—nay, pr probability—that ‘such need will arise should kept in mind 


tom the beginning on every project and the settlers should be educated to the e rq = 
“Dee a. It t has | been s suggested even that the drainage age works :s should be e constructed — 
ge the same . time as the original irrigation works. In few cases would such 
es be practical and in no case would it be economical, since the annual 
charge against the additional investment would run for y years before the works 


crops would be avoided and the danger of losing settlers would be 
No on one is better fitted to redeem injured land than its original owner, and Ee 1 
“the cost of securing a | new settler will be saved. It has been found expedient i 
by drainage officials to go to considerable to owners 
nm the land after reclamation by drainage. 
is full colonization at one time or one ‘set ma 
not be full colonization at another time or under a different set of conditions. _ 


ee reclamation is a case in point. With the drainage charges added to — 
priginal cost, may be necessary ‘to the type of crops or, at least, 


that the average ownership must be by a margin. 
The new colonization Tepresents process of infiltration—the most successful 


& and satisfactory kind of colonization. _ If this sort of colonization could have _ 


pa been applied to irrigation projects | generally many of the difficulties encoun 


zo. in the past would have been « avoided. The seed of these difficulties lay 


T 


? 


M. Soo. C. (by letter).—This able and ompre- 
hensive | paper shows a knowledge « of the subject that can be gained only by 
- direct and : intimate contact with all its various phases. if the paper and the 

he interesting discussion following it “appear to wander from « engineering into 3 
‘broader fields, it only emphasizes the fact that the engineer - who would serve 
ant his clients and the public | in planning development projects must make a a 


comprehensive study of the social and economic features involved. == 2 Sey a 


os Had such a study been made of all the present irrigation project pale 
and private, it is quite certain that many of them would not have been bui 


Secy. -Mer., Western Clay Products Assoc., Salt Lake ‘City, Utah. 
t Superv. of Hydraulics, Olympia, Wash. a 
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= They ‘did not at the time of construction and do not to- day meet the requine- 


a. ments outlined by Mr. Griffin for a successful project, or ‘the requirements. Ks 
that Elwood Mead, M. Am. Soe. C. E., Commissioner of the U. 8. Bureau ee 


_ Reclamation, has indicated* to be essential to his approval of a new project. 5 


Tt “may be admitted that for such pr projects—some of them ill-conééived 
intrinsic merit, some inherently sound but built before their 


artificial aid ‘to land settlement will and that in 


and justified by the. conditions, ,. To. establish State or Federal subsidy 
5. land settlement as a permanent policy for the future is, however, quite : 
question and opens up te: broader fold of and 

consequently, their long development will require a subsidy to 
extent at least freedom interest charges during the construction 
period; but further than this will not be “necessary to go if 
Ca “the projects | are built only as there is shown to be an ‘economic need for their 
toons will be said, however, that the nation should plan for the future. Tie 
is granted; it should perhaps even build for the future within certain limits 
Herbert Hoover, ‘Hon. M. Am. Soe. 0. ‘EB. and other distinguished engineers 
and economists have suggested that some great ; public | works, such, for example, oP 
ae as those that will be required in the development of the Colorado River -_ 

Columbia Basin Projects, should be planned years ‘in advance and their con; 

xa struction undertaken by the Government during the periods of industrial 


at 9 


new areas of land in com ompetition | with that of tax- -paying farmers 

are not receiving fair returns on their labor and investment. Further i iris ; 
oe gation development in the West should be steady and gradual to keep pace — 
natural growth of its markets,’ The settlers to ‘provide for such 
fr extension om be largely found in the natural increase of the present farm 
“population. T The experience of the past: twenty- -five years s has shown. a steady 
= ‘from “this source for new units of projects that are economically 


requirement than these—a love for the land and for growing things, | demon- 
strated habits. of th thrift and industry, and a willing a and able helpmeet. Rejec- 
‘ ee. tion of the inexperienced for that cause alone would have eliminated many 
the outstanding successful farmers on the various projects with which the 


writer has been connected. in an experience of 25 years involving close. per 
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4 ay uccess is greater among those without | previous s farming experi ee 

Bs ence, but having these qualifications, than it is among those who had farm say 

“experience, but lacked one or more of the other requirements. ad 

of organization, , guidance in selection of erops, stock, Ad ‘The 

of such service has been amply demonstrated; but cannot this service 

sberbetter rendered by existing agencies, such as the State College or Uni- 

-‘yersity, the County Agent, and representatives of the State and Federal © 
Departments: of Agriculture, rather “than by the agency that builds the works 

i and must collect their cost from the settler? ot boilgge 
oe Is it not obvious that such advice and assistance is far more effective when is 

3 jit comes from a disinterested agency? If furnished by the creditor ‘agency, 
every failure will be blamed on the adviser and the very effort to be helpful 4 oa 

~ becomes the basis of ‘Personal and political appeals for financial relief, post- 
yponement, and reduction or. cancellation of the debt. i,m n addition, 1 the “ae 
building agency becomes banker to the settler for a home-building loan, a 
chattel Joan, and possibly a loan for seed and equipment, it it would simply 

mean that the sources of friction and the difficulties of collection: increase in 

geometrical ratio with the number of loans sohbo. ni 
qt Admittedly, the problem: of making of adi 

e: § yy projects is a most difficult one. The experiment of land settlement financed, 
aided, and directed by the ‘Federal Government may be worth h while. Un- 
_doubtedly it will be if it is in isendly ad capable hands; but for future 


will 


diminate the necessity of dealing i in intimate 


new irrigation projects not a favored and pampered community but 

a self-reliant unit of the State, served, developed, and supported by the he same 
-agencies as those on which the other sections of the State depend? ey y 

Pat _ The experience of the past, the unfortunate condition of many projects at Bg : 


‘present, the confusion and utter lack of a definite program before the present _ 
(69th) Congress, all join to ‘make the moment opportune for serious” con- 
“sideration of the whole reclamation problem and for an earnest effort to 

formulate a sound and permanent State and National reclamation policy, 
HL. Neweu,* M. Au. ‘Soo. 0. (by letter) —Mr. Griffin presents for 
ce discussion certain ideas which, if translated. into action , might enable the 
; “promoter” (G (Government, district, tailroad, or colonization agency) | to secure 

"settlement on irrigation projects. These problems of land settlement arise 
primarily because the land to be settled is not worth what it costs ; no really 

@xperienced farmer ‘of his own motion will ‘purchase it at the price asked. 

‘Thos, ‘the promoter must resort to extraordinary tacties to attract and hold 

- families, promising advice and financial aid such as may enable them ulti- 


‘The existence of a settlement problem is prima facie evidence of poor 
land. good land, offered on reasonable terms, needs nos special 
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inducements to. attract ond hold It i is ‘the mang 
‘The danger, if it may so be called, wry se: 
3 = methods of cottlement lies in the fact that promoters are encouraged to urge 
i = _ development of other tracts of similar ‘marginal land. To this extent 
ereate or perpetuate conditions. There is plenty of good farming — 
iat land to be had throughout the United States, particularly ; in the arid West, 
There the quantity of water is limited and the available supply should be kept 
A for and applied to this really good land and not be developed for land of much 
character that a settlement problem arises... When brought to t thee good 
7 at @ reasonable cost per acre there has not been, nor is there » likely to be, any 
especial difficulty in the matter of settlement. od Lie 
Under ordinary conditions, the “margin of profit in farming is sell; 
Bre a the marginal or inferior lands there is frequent loss at least of the time or 
aot equivalent wages of the man who attempts to cultivate it. He: is naturally — 
pg attracted to the larger wages paid by ‘ “quantity production” industries. As a 
om result thousands of acres of marginal lands are lying idle or are being <p 
ial doned, , especially i in the older settled parts of the United States. Efforts me 
being concentrated on the better lands. With improved ‘systems of farming 
3 a and of marketing, also with a larger use of cheep power and machinery, the 


a 


more ‘skillful farmer, concentrating his efforts. on the best i making — 


f can | increase the total crop production whenever there is a sufficient —_ 
In face of these conditions it is questionable’ wisdom to pour more money 
and more effort into schemes to settle | lands which in the open -competit 
market are not profitable, and especially to do so by ‘the use of public or vr cor oi 
= porate funds taken directly or indirectly from ‘the unwilling or + uninformed 
taxpayers: or stockholders. -Well-informed farmers and ‘their organisations 
throughout the country are beginning to view with distrust ‘these attempts 7 
re interfere with the action of the laws of supply and demand. big os 
¥ te There is a tradition or belief that any dry land that may be irrigated, a 
. ee for that matter any wet land that may be drained, must necessarily have good 
fe. Ph productive soil. It has been argued that any such land that has remained 
ber idle up to the present time and apuionn be reclaimed must necessarily be " 
good land because it has not been cropped or exhausted and that, having 
incurred large expenses directly or indirectly in reclamation, it is the ed 
of some one to see that it is settled. to rat 
Granting that the degree of moisture in the soil can be controlled b by irri- 
: e og gation or by drainage, it does not follow that this soil under the new o& 
hae at changed conditions will continue to be tillable even if some crops may be had . 
for several seasons in succession. . It has been shown by Mr. Carl S. ‘Scofield* 
soe that “ “soft water makes land hard and hard water makes land soft” iN 
eae soil after reclamation is not in a stable or fixed condition. . The good teoet 4 
ad appreciates this and is becoming more and more cautious of risking his: time 
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money on these newly reclaimed lands. . The fa failure of three or more 


owners of ‘such lands has been “popularly attributed to some defect 


a | the methods of selecting, directing, or financing the settlers. Too little a 
attention has been given to the fact that fundamentally the cause has been in 


the inferiority of f the land. | Recognition o: of these d defects has properly deterred 
the | best farmers from attempting | settlement, leaving. the field open to those 


8 illed_ or competent. “Good land attracts good farmers—poor land re- 


Mr. Griffin notes ss the saying “that the first. two crops of settlers will fail 
ad that the third and “following, crops may achieve success on the pioneer Ae 


se: work of the first two” ; he shows" that ‘it is not the failures but | the early | suc- vk 


that insure percentage of ‘success. among later comers. To. 
put i it in another way, may it not be that: these few early successes were | due 

: rather to the fact that the better lands were e selected by better settlers and “ee 
‘that. the superior qualities manifested by these ‘settlers were associated with ‘ACx 


their ability to select the better lands? i 


_. When attention is given to the subject, it is comparatively easy to show _ 
that.among the pioneers in Kansas, Nebraska, Minnesota, and on through 


ierigated West, the good farmers who selected good lands remained to 


a notable shifting of population, it has shown that ‘this 
or these successive waves of settlement have been confined almost wholly 


2 


those settlers. who. took up the inferior lands, some of which, it now appears 
as soil changes have proceeded, should not have been reclaimed since they 
are not worth the cost of reclamation and cultivation ig 


“Sn The obscuring © of this fact and the special emphasis placed on the . ae 
- ficial results that may flow from the solution of these “problems of settlement” 


has its baneful effect in stimulating promoters to urge on the: 
‘ent the he continued ‘reclamation of lands of doubtful value as would 


be selected by good farmers. asserted that by careful selection, _ by 4 


ded and directed settleme: nt, by Joans, by continual ‘supervision, it may 
ben possi le to hold settlers on certain areas. | The consideration of the really 


‘productive value of these areas, the possibility of marketing the products, and 


5 ‘the ¢ other fundamental « conditions which should | be given weight, are. pushed Bee 
into the background by ‘the enthusiastic discussion of what i is termed | “the 
human element”. “Ignorance is is ‘dliss 3” and, as pointed out by Mr. “Griffin, 
“the art of getting ‘settlers is well “developed” ; also. “within certain. limits 
‘the newer. the } project an and t the less development it it has, the easier it is to get 


Skillful practice of this art of getting settlers is being relied on by pro- 

to offset serious deficiencies in _ the he quality of land. precedent is 

sought in the fact that selection is ex exercised ‘and largely depended upon 

y an employer, or by the Civil Service, om: when enlisting men in the ) Army. 


he, selection is then | necessary | y08 desirable, why not in selling irrigable or re- 
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NEWELL ON ON LAND SETTLEMENT OF IRRIGATION PROJECTS | 


This idea is diametrically opposed to the basic conception of 

hich seeks to provide homes on the la and for 

pendent voters and citizens—working first, “last, and ‘all the time for 


immediate benefit of themselves and tl their families. People of that sort resent 
paternalism m and do not willingly ‘remain under direction of ‘an agent 


a or employee of the promoter even if it be the Government. Reh aa ‘a 
Under a system m of “aided and directed settlement” the 2 sumption 


‘made that the selecting agency must and will dominate and that the pire ia oath 
‘moter or his agents will continue to direct and finance the settlers im thet 
operations, practically assuming the responsibility for their acts. Such’ selec- 
tion and direction may be necessary with renters but the theory of Ameriem 


a land settlement i is to discourage tenancy and to develop an independent land 


- owning community free from bureaucratic control. Experience has shown het 

such aid and direction has been undertaken, it has been followed 
the -demoralization of the people. aided, producing condition dangerously 


_ This is touched on by Mr. Griffin, who comments that, in his opinion, mak 

it is ‘almost always unwise to forego payments when: due as it increased ¢ the = 

farmer’s debt and dulls his conscience. Striking examples of this unfortunate 

condition are. all too prevalent where, chiefly because poorly ‘informed people proj 

Bice: Epes have been locatéd on sub-normal lands, there has been a resultant. breaking mak 

down of the m morale. This breakdown has been made more complete ‘through 


well-meaning efforts to “aid and direct” the land owner by liberal extension 


oa 


4 of credit and then by permitting a partial repudiation of his debts, Tt is 
is inevitable that these groups of dependents located on inferior land will eal 


4} 


each year for more more concessions. They are well aware thet the 


a “further subsidy is due them asa partial 
for their disappointments or oF for lack of success on these 
minds the promoter has assumed a moral responsibility for their success. 
a a While ; all this i is going on, while the promoter is trying to select and hold 
ee ad people, he is struggling against a a general movement of ‘agricultural pop = 
ulation. ‘Under the inexorable law of of supply and demand the marginal 
lands are being ng permitted to go ‘go out of production, steadily reducing 
ae area of cropped lands in many of the States. This is due to the fa 
that with improved methods, “increased use of machinery and power, crops 

ean be produced on the better lands in "excess of | needs or markets. "The 
: es ‘officials of the Department of Agriculture have long since recognized this, 


. a? and have not been disturbed by the : abandonment of inferior acreage. | Th? | 
= steadily admonished against a rapid increase of tilled land until market : ig 


B 
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PACKARD ON LAND SWTTLEMENT OF IRRIGATION 69 
 @nditions emand, and then ‘only’ of the best lands. show that 
there is already more’than enough land under» the | plow and that the farmers’ 
earnings 8 should be: increased not so much by | bringing more: land under cul- | 
tivation as by wisely s selecting the best areas an and steadily improving hese. 
m7 ot is incumbent on the engineer and economist to view with a ently 
eye the question as whether in any particular case the probable 
i productive value of the land to be . reclaimed. will justify the risk and cost 
aided and directed settlement. Imagination and sympathy warm toward ~ 


‘tle'msin who “made two blades grass grow where one grew before” but 


—— gbtine one must consider whether the value of these two blades justifies theit 
‘The question ‘properly arises as to whether the ‘promoter, even if thi 
be the’ Government, is now justified in -adop: ing high-pressure 
methods of settlement accompanied loans. “No one should be swept 


seritiment and popular appeal to 


|) “TF the ‘eettlens’ on a project are prosperous, have their farms paid ens: oh 
Gin see that they can pay in a reasonable time; in other words, if they are 2 
making money, there is no settlement problem. T aoa % 
f bring about this highly desirable state of affairs.” 


There is plenty of evidence | to ‘indicate that people will buy. on ny 
noject where money can be made. Success: breeds success. If farmers 
i wting money raising wheat in Canada, beans in California, cotton in Ari- 


OF apples in of settlers will start for 


The experience aft a settler on a project in California that has been success 
fully: settled since the World War, will serve to illustrate the e importance ae x 
2 _ profits as a factor in promoting land settlement. A university graduate with 
& $0 cash, some - implements, a team 0 of horses, and sufficient experience to keep 
~ him from making too many mistakes, contracted to purchase 100 acres of land i 
- in 1920. He rented 150 acres more and farmed all of it himself, with ocea- 
sional help during the rush seasons. He 1 made $10 000 the vat: year: ‘witha 
¢ tn crop that yielded 58 sacks to the acre. He has not made less than ie 
$10. 000 per year since and is ‘now raising beans on land that will readily rent 
for $35 to $50 per acre. Needless to ‘say, an opportunity for making profits _ "ea 
of that kind is attractive. There is no serious settlement problem under such 
_ @0nditions. Stampedes for land would occur in the future as they have inthe 
past if opportunity for real profits was offered. The problem arises because be 
- “that h highly desirable s state of affairs” does not exist on the a average OE 
‘Questions of advertising, promotion, selection of settlers;,low rates of 
~ interest, and long-time payments are all ll affected | by the ‘primary problem.of — 
a profit from the land. If that problem ¢ can be solved for 
the other problems become relatively unimportant. 
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little. attention has been: paid 4 ‘the soil i in the possible 
profits. from the land ona project. Good soil, plenty of of water, adequate 


> lie money is to be mede.  Oampare those projects that are having trouble wi «ae 

those on which some Progress is being 1 made le and it will be be found that some oo a 
one of these basic factors is lacking. If the soil 1 map is compared with a map 

on showing the density of the farming population one will find that ‘the a 

_loams are in the center of the settled areas, and that the poorer soils are i 

sparsely settled. Projects including good soil, plenty of water, and 


poor soil, little water, poor drainage that the problem, Long- = 
_ eredits or low rates of interest will not make a garden out of a gravel pit or 
. Even with good. soil a man must have sufficient land to produce. an ade 
quate i income. A French ‘peasant may be satisfied to go by foot to his little 
2-acre strip of land at sunrise, with some bread ‘and sour wine to ) keep. him 
be nourished, but such a prospect would not settle a project in this country. A Ka 
man cannot have the comforts of life, educate his children, or be content on 
“peasant’s income. The acre and independence idea has not worked out 
A profit of $25 per acre ; is all right if there are sufficient acres. It is the total 
project mentioned. 
would not have if he had been limited to 40 acres. The Imperial 
Valley dairyman | with 80 acres is more content than the man with 40° acres, 


even where yields per acre are as high | as ‘they are in 1 Imperial Valley. On the ‘ : 


_ The success of a project often hinges on the part of nen engineer in the pro 
gram. “His responsibility i is to construct a project that will have an sm ht 
supply of | water at a cost which the farmer can pay. Unit construction ‘and ra 

the utilization of works are mentioned by Mr. Griffin as important 


factors i in this respect. The irrigation system is for service | to the settler an and fen: 


- anything that can be done to improve that service should be done. "Drainage 
should b be provided : for i in the budget and i every effort should be made to carry 
out the drainage | program in time to ‘prevent unnecessary ry loss. to indivi ividuale 
_ whose land may become affected by a tise of water levell 89 
The price of | land is usually the big barrier settler must meet. 
price of land includes more than the purchase price. _ The ‘cost of leveling, 
of putting the land into crop and of waiting for returns, and, in pioneer com- 
‘munities, of allowing for an adjustment to market ; conditions, must all 
‘included i in the price the : settler pays. An arbitrary purchase price is ‘usually ae 
set, which is supposed to permit of a profit 1 to the owner, . In the long run, how: ; 
meeete the price of land is a residual item and depends on the dem and for the — 
. products as well as on how much of these products the land will produce. | 
vertising will dispose of land ultimately, but if the price is not right the first 
Sa will likely fail on account of inability to pay interest and make a liv = 


allow a.m man of ‘meager m 
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Witt? 


“however, ‘are used to “Justify tight prices the which con- 
‘titutes burden ‘rather than a benefit. Long- term payments do not always 
> best class of buyers: for they conclude that, if sueh p payments ~~ 
ge necessary, they prefer to go where the lax land can be paid for in fier Salis 
4 “discussion of the problems of settlement naturally leads to analysis 
motives behind ‘settlement. Mr. Griffin mentions three: 
secure returns on the investmen whether it ‘be in land or irrigation construc- Oe, es 
tion; second, ‘populate and develop the project as a National ‘enterprise; 


acy third, to create traffic and other business. 
a e if the development creates a real opportunity the promotors Tad genuine 
s and all concerned prosper. If, however, 
settlers: will be required be before the land is successfully developed, the settler y 
has som ome justification in considering himself the. Teal benefactor. The 
‘eles i in Palestine carry this feeling * so > far that they consider ‘themselves 
2 m army of of occupation, preparing the way ‘for those to follow, who are sup- 
posed. to pay , the bill, In reality, it often resolves itself into a. struggle for 
all, concerned—a struggle i which the s settler is not the only loser. 
is _ There is a middle-ground or average project on _ which the settler has a 
_ good chance to acquire independence, if he is willing to work, deprive himself — if 
4 of some comforts, and undergo some hardships. advertising, with 
. helpful assistance for the settler who may not be familiar with the persed 
7. bring results. Each family i is an asset and although the e growth n may be a 
flow, the ultimate result will be the establishment of a 
« depends very largely on the individual. man with tenacity 
 of-purpose will pull through and create a home for himself where ‘a weaker 
man will fail. If the successful settler could be selected in advance, it would og 
‘ simplify matters considerably. It is impossible, however, to select settlers 
satisfactorily, except in a very general way. Often the man who appears to 
be weak has the willingness and ability to succeed where the - good prospect | de 
, “may fail, The establishment of a financial standard is helpful, although not a 
always best. Men with money are often losers, as Mr. Griffin indicates. . Ina 
‘going community the failures take care of Ina section 
however, the failures are conspicuous. taxation, and the guidin og hand of th tha 
Projects should be carefully selected before they a are launched. ‘The poorer 


Only the best land prior be developed, oie if the water supply i is re 
_ Sufficient for all the land available. — aa ‘When good Is land i As offered at a reasonable rf 
Pigg the settlement problem will not be serious. us. The present temporary lack 
of demand for land will change when agriculture as a whole is on a better 
os basis. When an industry such as agriculture receives National adver- 


g tising because of the low price of products and the consequent suffering of — 


‘some communities, it — ae some time to bring enthusiasm for that anaeoeey 


will do it. 
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tively simple if the land is worth the price. Quality, of ‘soil, price of of lan 


_, Avoustys M. Aq. Soo, letter) —The writer is ple 


he frank discussion of this paper and wishes to express his chan ot : 
ee ~~ have contributed to . It is not a simple subject either to outline or to a 
discuss, The details of land ‘settlement and its attendant problems vary 


different projected wld on god) 


one fundamental fact brought, out is that ‘the problems are compare: 


‘ausinal costs of operation and maintenance, and costs of land preparation are 


a and are of greatest Seat catty in relation to products and marketa. 


n ‘imp Us e ‘good 
rtan at fac tor; ; the “poor | TO gunk of to-d ‘may be 


ofthe highest paid by the pioneer may be isolation—the 
k ‘of 


“intercourse: and the lack of educational atid "cultural oppor 


or a growing family. The most pathetic regret the has heard 


expressed by a man who had ‘ost the substantial ‘savings | ‘of his active 


life’ in an agricultural venture ina pioneer section and was reduced to to day 


2 _ labor as a means of livelihood—a regret that his children had passed through ey 
formative period without schooling and without’ ‘the cultural ‘advantages 


a settled community. same regret has been _expressed others ‘who 


any settlement should be “close” settlement: in 


ecmps | The prevailing opinion of the day is that ample land is now available to 


7 ee _ Supply present. demands and that new projects should be undertaken with 


great caution. It must be recognized, however, that there are strong induce 


a a - ments for owners of large tracts af land to undertake colonization. » The pres 


is genuine need for. National development whether not | it be. a8 
ae pressing as it may seem. There are good reasons why the pioneer settler may ‘4 


i Ron * Supt. of Operation and Maintenance, _ Bastern Section, Irrig. Bik., Dept. of Natural — 
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‘Society is not for any statement made or opinion 


E. CourTLAND Eaton,t anp FRANK Apams,t , Ane. ‘Soo. 


Discussion, BY “Mansons, Ricnano R. J. B. 


to wi 0. V. P. Stout, aNp E. Courrtanp Eaton anp Frank 
From the earliest s settlem mt, CO- -operation h has been the dominant factor jin 


irrigation development in Western America.§ In one form or another, it we 
been the means whereby ¢ at least 50% of the lands now irrigated in z 


in the sere 
teen Western States. have been provided | with an irrigation water supply. » 9 
occupied the great middle ground th irrigation “between individual and 
e 5 “partnership effort on the one hand, | and d commercial and Government effort on om 
on the other. Furthermore, throughout irrigation history, c co-operation has” 
~ been the stabilizing influence in the e creation of . American irrigation institu- 


4 tions and policies, for through it men have learned that in irrigation, oo 
_ eae of the community far transcend the interests of individuals: i 


3 


of government, the power of taxation, and the guiding hand: of the 
- State. By these means it has established itself as the most generally accepted — 
~ agency for financing and operating the works of irrigation too large or too costly 4 
for successful individual effort. at feth od} Yo 
ai “Seal gu bsbivongacw eid? bos 8 ovilsTme 
elim all essential particulars the irrigation distriet i is an agency of the State. F 


= It has a political status comparable to that of a town or a county, that is, 


For a history of irrigation districts in California, 1887-1915, see Bulletin 2, Cali- 

4 fornia State Dept. of Eng. For an account of irrigation districts {n all the Western States, 
Bulletin 1177, U. 8. Dee. of in 19230000 
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legally established an elected governing board, the power 
al create bonded debt, and the power to construct and operate works, save only a 
Bi that its authority i is limited to matters relating to o irrigation a and to such | co- 


& Irri igation ‘districts are found i in all the seventeen Western irrigation State 
_ except Kansas and Oklahoma—more than 500 i in. all, of which 244 were ope sat: 2 
¢, 87 under | construction, and 159 in preliminary « stages, es, according to a Gor. 


ae - that year, omitting those inactive, exceeded 11 000 000 acres, and the irrigation 4 
‘district bonds outstanding on December 81, 1921, $105 000 000. 
1% Since then irrigation district activity has been very considerable in a bees ANY 
5 of the States, particularly in in California ; and Idaho. In these 1 two States alone 
; Bole e 48 additional districts have been organized since 1921, embracing more than ie 
1 000 000 a acres and involving proposed expenditures in excess of $20 000 000. 
< For ten. or “twelve years the United States Burean Reclamation: 
_ favored the irrigation district as the agency through which it shall deal with — aoe 
water users on its irrigation projects, and many of the Government projects 
have been organized into _irrigation districts. is now the settled Policy of 
the Bureau of Reclamation that all Government projects shall be so orgal ‘es 
_ Furthermore, outside the Government projects, practically no new 
Ree ‘a development of great importance is now attempted on any other basis of organ- e 
he ization, that is, the irrigation district in ‘some form, whether of the type an and e 
oa mame now most prevalent, the “conservation” district of some States, the ao a 
a larger water r storage districts recently organized in in ‘San J oaquin Valley, ( Cali- 2 : 


fornia, ‘the water improvement districts. of Texas, “or the irrigation or consery- 


24 


amey districts formed under certain special enactments. “ot 
= Spare Conrron or OrcaNizaTion Frxdnoina 


3 "When the first irrigation district law was passed—the Wright Act, enacted oe 
by California i in 1887—the thought uppermost in mind was to give commu- A 
ities the power to carry forward irrigation development against the opposition — ‘4 
strong: minority land owners. Apparently little thought was given to ‘the 


| 


om 


as well as in several of the other ‘Western States, o confirmed 
See and also the need for State regulation not only of irrigation district organiza: — 
tion, but also of f financing and construction of irrigation dit 
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4 
ence the ten years in Valliornia estabdlisne ne nee or a more 
— 
i ae State Engineer, all the time of one irrigation engineer, and occasional part a 
time of several others, is consumed in investigation and supervision of 
tion and water storage districts. ‘The res 


IRRIGATION: DEVELOPMENT THROUGH IRRIGATION DISTRICTS 
ar charged with such supervision have the difficult task of safeguarding the inter 
i of the ¢ communities, | the States, and the investment market for irrigation 
district securities, they have succeeded so far as to restore irrigation district 
bonds as accepted investments not only in Western investment centers, but also We Be 
the larger markets of Chieago, Hh, New York, N.. Y;,. and several other 
7) cities entirely outside the irrigation field. _ To be sure, these markets are con- — a 
- gervative, but they ‘should r remain so in. order that only sound issues shall find ry 
a sale and that the influence of a discriminating investment market shall be — BN 
joined with that of supervising public officials in holding ‘irrigation, district 
‘development to enterprises that physically feasible and economically 
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Fic. 1. or IRRIGATION Districts In THE STatTss, 


jy 9 Te those. members of the Society who have not had contact with irrigation 
it might be profitable. to to. describe very briefly. a a few typical irrigation dis- 


As the district activities af. f the Writers have Fecently. been 


— 
eal 
at State. In California, wi 
tistricts have been formed to improve Jand al exceptions, irrigation = 


_re-finance enterprises initiated ‘and carried to some developinent 
7 by private capital, rather than, in the first instance, to reclaim desert areas. "Po. 
that extent the California districts do not fully present all the conditions found oe 
og some of the Western States. California, however, by virtue of its varied = 
‘climate in different areas, has widely different types of agriculture, and, 
quently, a number: of different types of irrigation systems. Fig. 1 shows'the 
- tribution of irrigation districts in the United States as of December 31,1981. 
Hot Springs ‘Valley: Irrigation District — -This district i is in the extreme 


northeastern’ county of California at an elevation of about 4 500 ft., ‘in 


of the “horseback” farmer, using the crudest ‘methods 


= being made by means “of earth, brush, or saber 
Pe: thrown ac across the stream each 3 year. The district organization w was formed 
"finance the construction of an earth dam i in Big Sage Valley to impound 

for supplemental summer use. Table 1 gives some statistics on the ee ori 


TABLE 1. —Hor Srrincs VALLEY TRRIGATION District. 


Area, in acres 
Bonded debt per acre. 
Water supply 
Type of system 
Storage capacity of reservoir, in acre- feet 
_ Principal crops 


hay, alfalfa, grain 
Turlock and Modesto Irrigation Districts.—In the central part of the State 
a Ey in San Jo: oaquin ‘Valley are the Modesto and Turlock Irrigation Districts, o organ- - 
e a afi ized in 1887 immediately after the passage of the Wright Act, _ the first two to 
be formed under it t. Although separate districts, they, obtain water fre from th 
stream and by means: of the same diverting structure—La Grange Dam. 
Together they embrace 2 259 973 acres. Production embraces alfalfa, grain, and 
we the fu ull range of y vines, ‘nuts, and ‘deciduous fruits g1 grown in California. - At first first 
without a late summer water supply, the need for storage later became pressing B 
and the districts jointly financed and constructed Don Pedro Dam and ] Power 
‘House, a few miles up Tuolumne River from La Grange Dam, and n: now have 
_— nearly a a 100% water supply. These districts are perhaps chiefly of interest to 
engineers as having demonstrated the possibilities for obtaining revenue from 
the sale of power as a by-product, with the ownership and full control of tie 
_-:power in the hands of the districts, which are themselves distributing it to the 
individuals, towns, and communities within their boundaries. ‘Under agree 
. ment, surplus power is sold at the sub-station at 43 mills per kw- hr. Don Pedro 


27 9 ft. ‘above the stream bed (Fig. 2), forming the highest ‘structure | of 


ane Tables 2 und 3 some statistics on these districts are presented. © lk 
 Lindsay-Strathmore I rrigation -Distriet—Still farther south, in San’ Tou 
~ quin Valley, i is a small but highly developed irrigation distriet—the Lindsay- 


of high annual conte! typify ing length to 
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° LAND, IMPERIAL IRRIGATION DisTRICT. _ 


ist (Figs. B, 
onic 


REMOVING SILT FROM CANAL, IMPERIA fe 


MI 


‘TRRIGATION THROUGH IRRIGATION DISTRICTS eat 781 


he successful fruit grower feels he can go to obtain an adequate water — 


opment is an old: one, principally citrus, commencing by irr 


gb from private wells. _At first, centrifugal pumps set in shallow pits were 
"effective, the lowering water supply later necesita! tating the the substitution of deep 


Otest iéngth, in feet. 
- Storage capacity of reservoir, in acre-feet 
Gost per acre-foot of storage capacity........... bo 


Power plant 
Goat of power plant per kilovolt-ampere.. 


al pumps. Fora number of ye years the of 8.8 = 
t. per year, finally standing at 150 ft. below the | ‘ground ¢ surface when the éi- 


trict was organized. The rapid depletion was due to the location of the ‘area 


lose to the foothills where there was little annual replenishment. — To make 
matters worse, at a depth of ft. ft., salt water m made its 
in some cases as much as 22 b. tree per year was carried i in the irrigation 


ABLE 3.—Monrsto AND ‘TuRLocK 


Bonded debt per acre, Modesto District . 900,89 
“ Turlock Distriet.. 4: $40.66 


Gravity distribution 
...|Alfalfa, vines, deciduous fruits. 


Water supply 
nz 


ws cipal crops 
in Duty of water, in acre-feet per acre 


Average cost of water per acre A 


* Hydro-electric power is generated and distributed by these 
Water, with disastrous results, Therefore, 1100 a acres of water-bearing land in 
the delta of the Kaweah River was purchased by the District and ‘water was 
‘Pumped from, thirty- nine wells through concrete lined canals and a concrete 
¥ ‘flume (of special interest because built with a Gunite machine) and steel pipe 
lines, from which it is metered to each consumer. entire lift is 285 ft. 


TABLE 4, TRATHMORE IRRIGATION 


mperial Irrigation District —Farthest south in California, next to t e 


“Mexican b border, i is the Imperial Irrigation District (Figs. 3, 4, and 5), in the | 
lan nd of ‘the real » where absolutely no economic would be pos- 
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IRRIGATION DEVELOPMENT T THROUGH 


ay sible without irrigation. _ This i is the largest i irrigation district i in the United re 

—- rainfall i is hat ecause it is never sufficient to have ¥ value and 
is a nuisance in gumming up ‘the roads. - Irrigation is practiced all the year eye 
round. After ‘the desert hummocks were removed and the was leveled, gra ain 

eS. was planted as the breaking crop, followed by alfalfa. In the World War period, 


7 ees cotton was the chief single crop and i is still largely grown, but the Valley i is in 


| 
its unusual silt problems. The water, diverted from ‘the Colorado, 
contains | 0.6% by” ‘volume of silt and sand which are removed: from the canals #8 
by dret dredging and sluicing. The sluiced water is passed into Salton Sea, 250 i 
below sea level, as is the drainage water also. The process presen sa duplica- % 


as The district maintains more than an 60 ) dredges at and 1 300 men in the annual clear a 
a ing of its canals and laterals from Colorado River silt deposite, which, if not ; 


5 
‘perial Irrigation District are given in » Table. 5. adt of 


os a Duty of water, in acre-feet per acre 
7 Average cost of water per acre per year 
Annual! cost of silt removal 


Yo 1409 


are interested in ‘irrigation districts” at present, 


quale in the future, those. who are “working in on 


investigations, construction, ma 

electri¢ development, will find themselves dealing with irrigation 


od Some of the obvious conclusions from irrigation district history, therefore, 


the irrigation district cannot safely as this 


in uneconomic tome developments or r speculation. R. This has been tried over and 
ery case failure ‘has resulted. — Although in some of the 


Se i to initiate projects involving’ the reclamation of arid lands, the proe oceeding is 5; 
a. exceedingly difficult and hazardous. Until 1921, inclusive, 58% of all districts 


formed were for supplemental construction or the -acquirement 


—- 


_ The ideal conditions for the e organization of an irrigation district is to: 


enterprise already under way, not financed; sufficient 


epartment Bulletin 1177, U epartment of 


— 
sett 
: ie 
— : at 
ro 
né 
4 
als 
L100 1n miniature Of the Duliding up OI the Geitas at the Mouthn OT the 
— sine 
distribution without storage 
Alfalfa, cotton, cantaloupes, lettuce 
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settlement and sufficient voting population to’ insuré a bona fide dec sion on — 

s the organization and financing program on the basis of real merit as contrasted 

= speculation; and established agricultural possibilities. State regulation 
af irrigation district organization is an absolute ‘requirement if unsound’ dis- 


-friet ventures are to be stopped at their inception—projects with inadequate a 
supply, unproved agricultural possibilities, uneconomic costs, and un- 


ter 
opportunitics for settlement. In deciding upon the feasibility of 


irrigation district project agricultural and economic factors of production Le 


and settlement are equally important with h good engineering. ee 
‘ts planning an irriga ion district system the only safe and : fair course is to aS 


My have the plan comprehend not only the immediate needs of the district, but ik 
Iso those that will be required for the completion of the system even if not 

ay pty constructed for : some years me tho wha r Experience has proved it to be far 


Although the market for irrigation d district bonds has been gratifyingly 
Biba to sound issues up to several millions of dollars, there is no yet a 


_ satisfactorily competitive market for the larger issues such as those recently — 


fe out by ‘some of the districts, Lack of competition among bond 


made one irrigation district take ‘a discount of on a $10 000 oo 


_ issue, and part of it brought a 8% profit to the dealers. This is more | than Es 


frrigation ean stand, and some “way must be found to supplement the credit 


of districts proposing such large issues. 
_ Although the ultimate authority in ‘the management 0 of irrigation oye al 
is Hydoed by law in the boards of directors, rs, very properly st subject i in most States 
toa measure of State control of financing and construction, the real leader- — 
hip must be e furnished by the firm, intelligent, and tactful ¢ engineer. ae 
— Ttis is the engineer who, through his skill, must hold the irrigation district ee 
‘in safe bounds and make it ‘go; who must supplement tl ‘the lack of - business i: 
experience of the average board of directors by his judgment; : who above esi 
- Must keep his equanimity and carry on in spite of the all too frequent ill- : 
‘Support 2 and lack of understanding by land owners. It is the engineer who — 
‘must ever have in mind that, however “efficient his services, the professional 
‘Wlationship bet between the engineer and ‘his irrigation district client is still a 


_ More or less un unstable « one, ne, because the human beings | who ‘constitute irrigation 
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R. Lyman,* —Th his paper covers the 
= that little concerning the pha and importance of irrigation — 
derelopmens through irrigation d distric ricts can can be added. 
The farmer in the humid regions is perhaps the most independent and, wa 
therefore, the most individualistic citizen the | United States... He plows and 


plants and harvests, independent of his neighbors. This immunity from 


necessity of help from othérs has given ‘these. farmers an indepen which 
under certain conditions may be a serious handicap. 
Farmers produce life’s necessities. con rot the ood 


Nis 
uf « 


= for food. With if farmers were as shrewd and, 


motu sean | 
it be said, as selfish, as many business men, ‘they ; would “sit tight” "and demand a % 


prices for foods that t would m them the multi- millionaires—the > great 
Will they do itt will not. not? “Because they 
have not had to co-operate, they have had ad no thy 


ill not ‘In fact, ‘their natures 


Sd by individuals, partnership enterprises, and private corporations, the day beg 


gome when public corporations must be called on to furnish for long 


the great capital needed. So stupendous are the, dams, pow power P nts, 
B and other parts of the irrigation systems remaining t to be, built that their ¢on- 
demands pot only the co- operation of the States, but. that tthe 
h has been | thrust on the farmers of the West the e necessity of 
gperation, the idea. of working together, and. ‘the irrigation district is 
latest and, thus fi ‘far, when organized under. favorable. and proper economie 
conditions, the best. co -operative institution “for farmers that has been, dey 
Tt has in it | the municipal idea. Practically the same stable BY at 


controls and o “operates, counties and cities also operate and controls these 


districts. 


These have many advantages: They operate under 
control they can be formed without the distressing delays required when 


" _ private contracts have to be made; no abstracts of title need be secured; no e 

a. strong, dissenting minority ean delay progress indefinitely; theoretically, at 
least, “no profit i is paid for pr promotion; the assessments for these districts ; are $ 
made the same as those for general taxes, and they are collected by the same 

agency. The obligations the district have priority over private mortgage 

liens on the property in the district, and with the ninco sass of the Secretary of 4 
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- Such an organization necessarily has a standing in the financial world ae “a 
and corporations cannot possess. Districts c can n co-operate 


suc- 

when organizations without such standing might fail. Land 
under an irrigation district can be put under cultivation sooner, can meet §§ 
earlier, will have a more rapid | development, and will, in a shorter 

While these are some of the advantages of an irrigation district, sthere are at Ae 
“ disadvantages. In a district definitely specified b benefits are assessed iar 
eid areas. — Once made, this assessment, however: unfortunate, however — 

unjust, can be changed, it seems, only with very great difficulty. poy pink citar ee 

Fs In one district in Utah, so the speaker has been informed, the land « owners pe i. 

organized, thinking that water al allotments could be increased or decreased = 


 from’time to time. It seems that many allotments: were increased without 


‘imowledge or consent of the land owners. Allotments were improperly > at 
perhaps hurriedly made. stew ast bes oils TO 


x For example, the original cost per acre-foot of water was roughly $100. The es 
original area tc to be benefited was was given as more than 7 000 acres. The actual 


inet proved to be less than 4000 acres. The bonds were ‘sold at $84. The ri 
“ required : annual payment per acre is, in in round numbers ers, $16 for each acre acre- -foot 


been stated that 4 have’ to some tin 


oe Ro'water at all can be used. No one under these conditions would make such — a 


looks as if all concerned in this district had in ‘mind in' the bey 


ia ‘that amounts allotted could be changed from time to time and met the tea pa 
justment would be to the s satisfaction of interests. ‘The Utah law 


éannot be corrected. The law 


tir sit} tid 


not thereafter be decreseed as as there any outstanding inddited- 


‘Mess in excess of 2% of the assessed valuation on the lands within the said i 


Be hy Then, again, if assessments in this particular district are no not paid, the e land, — 


a it is stated, cannot be sold because the metes and bounds of the ) areas 0 on which ag : a 
we the, assessments have been made, have not been given in any case ase. The word- er -: 


‘ing the allotment is somewhat as follows “Ten acres of a specific 40 acr 
has been allotted 3 acre-ft. of water.” How can.a deed for such a 10-acre tract Seats 


Session Laws, 1921, 191, Chapter 73, See. 11. 
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Confusion, “misunderstanding, and ill feeling—these are ‘results 
4 far of the organization of this irrigation district. Tremendous ‘financial 
also must come sooner or later to all who have a financial interest in 
Certainly farmers are en entitled to know the complete facts concerning thar 
proposed irrigation district before they assume the financial obligations tion 
’ imposes. The State or r the Government, or the two together, should provide 
es a competent engineering service in all cases of this kind. The Mapleton and e 


Springville Irrigation Districts, in Utah County, Utah, which are operating 
under the Strawberry ‘Valley Reclamation Project, seem ‘to be pronounced 


irrigation district is a boon to irrigators. Experience ¥ will soon con 
close the imperfections in the present law and present methods of organia: tior 


_tion. With these corrections, irrigation districts will be powerful ag agencies for 

Promoting co-operation among irrigators and for advancing agricultural 


B. M. Am. Soo. C, E, —The State of California now has had 
-eight years’ experience in organizing and and ‘operating irrigation districts, 
Of this: period the first ten or fifteen years were re unsatisfactory because | the law a a. Re 
made the 1 medium of speculation in land and water. For the last twenty: 
two or twenty~ y-three years there have been a series of amendments | to that Irri- a: wi 

a gation Act that are particularly directed to the enforcement o of the collection a4 8 a 
assessments and obligations of the irrigators. . Probably the most efeting we 
factor has been the appointment of a State Bond Certification Board composed 

th the State ate Engineer, the Attorney General, and the ‘Superintendent of Banks 4 
the State, who, w with their respective expert knawledes and abilities, are 
able to pass on the. legal status, the engineering features, and the fina ancial 
4 features of ‘the irrigation districts for presentation to to State authorities. 


Si has been stated that 2 000 000 acres have b been irrigated by the Fede de 


ate California has irrigated more than twice that acreage 
under the the State Irrigation District laws. There are now 98 irrigation districts 

in California.. The breaking up of large. land holdings has come automatically, ry 
a so that, in 52 districts of which the speaker has records, the average area of a # 
farm i is 58 acres, which is a small farm unit; but the small farm unit is the 
29 ideal one and the one which the Federal projects are endeavoring ‘to approach a 


The enforcement the collection of the assessments for and 


_ operating expenses has been made most effective. The primary authority is é 
the Board of Directors of the District, but if it fails in carrying out. it its 
duty, the County Board of and the County Attorney ‘are required 
= a under thei ir bond to carry out and nd enforce the necessary acts for the collection — . 
vhs these moneys. Tf the County au authorities 3 fail, then the Attorney General of “" 
Sgheghs Sti the State is, under the law, obliged to proceed in the collection of the neces: 
sary funds for of these charges. If the taxes are not paid, d 


“Ae ie. lands are sold by these authorities. As a result the irrigation “district bond wes 
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Calif omnia to- is considered a ‘more ‘secure investment | than the ordinary 
dae California only 1.47% of the area of the irrigation districts—of more 
) than anne 000 acres—is in any way delinquent i in the payment of ‘their obliga- _ 


irrigation district’ bonds in California are on a 54 64% basis when- 


ever they are approved by the State Bond Commission. If they are not approved © 
the Commission, they are not m marketable. As far as irrigation problems a 
rned, the State Irrigation District is a satisfactory and effective institu- Pe 
~ tion, It has its its defects just as other large institutions have, but it isa ‘success, =e 
this refers now to “The District There 


af 


is of interest in connection with various reports 


i, Th the selection of these Fe Federal 1 projects, the engineer was was here, of crane 
with his 1 reports and advice; but the Congressional delegations—the delegations — sn 
of Commerce, delegations of farmers, of citizens who 
to . Washington and pressed their claims on on Congres gress s and the Secre i 

e Interior—they were largely the controlling in obtaining the 
i. of the Secretary of the Interior, which is the final decision in ‘the 
“adoption” of the project. The engineers were all “good fellows” as long as 
they had 1 money to spend, but when the money ° was gone, these same » delegations 
ere back in Washington with all their Teasons why the bills should | ve 5 
paid nd why ‘these contracts should not be carried ou out on ‘the: part of the 

_itrigators—reasons why | they should not pay for these projects that they have a 
built, without interest. Tt was that pressure of “statesmen” ‘and of are 
politicians that was instrumental i in encouraging this delinquency, The 
neer has been a yery convenient “goat”. 
nw “While | this “Fault- Finding” Commission. n haa g gone ‘throughout the country 

giving a volume of its reasons why these payments have not been made, aa. 

real reason is because they have not been insisted upon. California has the 

game sort of farmers with much the same crops, but they have paid their — 

- bill because they have had to pay it. If the same policy were adopted through- 

out arid America by the Reclamation Service it would have had the he same 

as California. The engineer is not responsible for this situation. 
The worst conceivable way to go ‘before, Congress or State authorities to 
‘ebtain additional money for the expansion of irrigation enterprises 
é. regions ji is with a vast number of repudiated contracts. Before getting more 

_ ‘Money for big enterprises, | like. the Colorado River or the Columbia River 


- Projects, the thing to do is to.pay the bills for the work that has already been — 
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‘Vv. Pp Srour,* Ese. (by letter) —This paper ‘is a 


concise summary of a | large leaves in’ the of d 


> ‘Some emphasis ‘may be added to the statements at meri close of the paper, 
relating: to a phase of peculiar personal interest to the average engineer, 
gus searcely unique or peculiar to the irrigation engineer or with irrigation — 
“districts. ~The ‘writer has had some opportunity to observe that “the pro- 
ae _ fessional relationship between the engineer and his irrigation district client 
is still a ‘more or less unstable one,” and to speculate on the causes an and the 


outcome. cause is undoubtedly as stated, “the human beings who 


of the best schools in which to learn co-operation, because. it is imperative 
to the s success of the district and to that of the individuals who compose it. that 
- the lesson shall be learned. Unfortunately, most or all of them are slow to 
a _ Fortunately, however, there are some indications that in time they 


at least begin to learn. 


OR ds California, some of the. "older and larger irrigation districts seem to 
7 reached that stage of Progress in their learning at which a competent 


hy 


largely in his han , and ‘his tenure position made fairly secure. . Other 


districts, h however, , not all of them small nor young by any means, - having a 
a for a period employed competent engineer- “managers, | have 1 n0t oO only failed in 


; appreciation | of the work done by them, but also, on the asis of ‘the. little 


learning : acquired in connection the enterprise, have concluded that 
lay management of irrigation works is entirely adequate, and have dispensed 


altogether with engineering advice and assistance. _ _ Others have not gone 


3 

is eo far, but have placed the engineering, even on projects of some magnitude, ; 

2 the hands of either “very young men or 0 ’ those whose engineering knowl 

edge and training do not extend beyond the routine of the particular projet 


In the absence of any immediate i issuance of securities or the anise 


engineer- -administrator of their affairs can be recognized, _the affairs 8 placed 


of important _construetion operations the Sta te has no authority. to, compel L 
engineering service to such districts. 


that was necessarily ‘much compressed. No divergent views have 


Mr. Lyman is ‘correct in stating that there are are as well 


= 


iret, Investigations and Practice, Univ. of 
California Agri., Experiment Calif. 
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ADAMS oN DISTRICTS 


were not sufficiently ‘stressed. “The fact remains, however, 
thi for the large ‘majority of ‘cases, the irrigation district in ‘edubie form is 
qs the heat tyne of irrigation organization now in use, a fact on which all, as far oF 
the writers are aware, a many ‘situations has fully and sa satis- 
met the need and accomplished a high type of agricultural develop- 
This can | be s said of i the ‘fifteen | Western | States } havi ing irrigation 
district laws. all these Btates, s, some districts have been 
have bonds a nd built works in the absence of full justification—_ 
x economic as well as physical. In between these two extremes. most of the 


- ee having these | laws can show some districts that are progressi wel 


fairly well, either because of unfavorable physical conditions—scant water 


supply, mediocre engineering, and questionable soil- —lack of settlers, OF gen- 


agricultural ‘depression. The gratifying thing, however, ‘that, given 

a situation that physically and 1 economically justifies an irrigation | enterprise, 

- irrigation district laws and operations under them have advanced so far as a ; 
leave. no question as to the adequacy « of the irrigation district as the agency he 


t 


through which the development can successfully be 


= and in n the organization financing of 
‘imigation n districts in carrying out their construction. State 


pert of eny agency of the pablic. This costly « experierice fully sustified the 
— to the district laws which gave the States: (usually through 
: the State , engineers) the right of at least partial veto on m the organization of 

irrigation districts. Experience under this procedure has given still further 

and 1 no one questions practice. The next im mportant forward 


was also one by the conditions ‘that out 
of costly experience and this, too, is fully accepted as ‘sound procedure. 

specific questions ‘that might’ profitably be raised about this whole 

“matter of State authority in irrigation district development 


(1) -Conceding an “adequate irrigation water ‘supply, ‘satisfactory soil ‘and 
“growing conditions, and a feasible plan of works, should the State withhold 


approval of organization or of bonding and construction programs ‘if, in 


of the State official (or State offi cials) charged with responsibility 
f a >< action, there is doubt as to the economic success of the ; Project at the time — 


ee (2) Should the siotbon of the State bond certification commissions with ie 


Teference to irrigation district bond issues, when favorable, be of such ‘nature 
; as not virtually to constitute State “approval”, since every “approved” project es 


is not certain to succeed and since in the minds’ of most investors the wag 
“approval” now given carries at least moral ‘State responsibility t 
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(8) Should the State, through ra tive oficial hold 
helpful and d friendly attitude toward irrigation | districts. or. proposed irriga 
tion districts, particularly during, the planning and construction _period of 
organized districts, in order to insure a higher efficiency i in the district mam man- 
agement and to give it the benefit of the larger “experience of the Statef 
Bip. @) Should the State u undertake to. x supervise the. accounting of irrigation 
districts, both during and after construction in the first instance to insure 
sound use of funds ‘supplied by the investing , public, and in the second ir instance 
to accomplish the highest efficiency in the management of these ente rises, 
are really agencies of the Statet 


saints 


Since these questions were not raised in _the paper or in the subsequent 
n, ‘the writers will not argue them in in their closing discussion. They 
1G ea ite Ul ey 


eel free to state, however, | that they would answer at least the last three of a 


these questions in the affirmative. 
In conelusio mn: The writers do not wish to aa t that the 
irrigation district as deseribed in their paper is the final step in irrigation 

organization, , although it is ‘permanently established 1 form of organization 
situations similar the many which it is ‘successfully and satis — 
factorily ‘operating. Several other types of districts were Teferred to in the 


paper, the ‘most which are the -ealled 


organized around entire or practically independent stream systems. 
There are some still larger problems of irrigation 
a involving re- “distribution of water from | areas of excess to areas of 
these, in turn, will demand even more © comprehensive forms 


are not likely to very fe from the principles of co-operation und com 
munity ownership and management exemplified in the irrigation district Ye 
to- day, except wider State authority is found necessary, to accompliah 
more> economic utilization of still larger units of water and land, and 

some financial participation by the State is required to. bring the financial 


burden i involved in these larger. movements within a figure that the forme 
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Portland cement does not format insoluble water corrosive to 


carbonate. The solubility ‘of calcium carbonate depen 
Sit 


alkalinity, hydrogen-ion o concentration, and other salts in in the” water “grein 


Saaesiecly = required to combine with certain proportions of silica is pirat 
table to surface adsorption « or toa solid solution. Finely ground hydrated — 


5 Portland coment ‘st gives off calcium hydroxide approximately to the | point of — 
-ealcium hydroxide saturation. The saturation equilibrium decreases by the 
4 addition of suc successive quantities of water, forming a curve that does not indi- 
definite high calcium compounds of silica. 


When mixed with water the finer particles of cement tend 


round larger particles of cement or r aggregate, producing a a structural forma- 


on somewhat | similar to a meshwork of m minute fibers filling th the space betwee 


larger particles. ‘The hydration of cement pr follows the general 
e chemical changes of solids, namely, that | a solid does not change in in 
de composition without first going into the soluble etiithi “Tn the case of a 


fi wi mit 
‘Portland cement the solution and apparently takes place with: 
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rate as the diffusion such is slow. Freezing or pi 


Moisture evaporating from a concrete surface tends to 


ae oe pag nature that it will require years of patient research to fully exp 


a a hem, but in most instances there is a similarity suggesting a common poo 


out any pmetieial change i in the shape or size of the individual o cement parti 


cles, 
except that the particles actually unite formed solid: wh where they 

eG. Porosity is a very important factor in determining the life of ‘concrete 

exposed to water or to the weather. f It largely governs the ‘rate of diffusion of a 

soluble compounds fro teri 

uble ‘compoun s from the interior to the surface. Water: molecules appar. 


ently are oriented when they are against any solid surface. ‘This i is s the orderly — 


arrangement of the mole moleer ules st such a manner that they do not move freely 
with the molecules some somewhat istan Such a 


there i is little movement of the water molecules between the 


surfaces a are 80 close together’ that the oriented water layers unite through- 


ee eS of measuring the voids in concrete is. given in this — 
suggested tha the No. 8 sieve be the dividing between fine and coarse 


Changes taking place in — to water or to ‘the weather d 
be: usually the liberation of calcium hydroxide, and its i¢ombinetion with Cae 
bonic acid to. form calcium carbonate. if the water is is corrosive to ¢a to caleium 


erable surface friction hastens the rate of “eorrosion, largely by 


ee destructive : compounds, if present, at various points. The surface nM most of 


5a the concrete exposed to water, corrosive to « ca alcium | carbonate should be ¥ wee 


oe Structures valued at many millions of dollars are now showing deteriora- 


tion 1 where they a are, expos water and freezing weathe ae r. 


Te 


replacements within the. next decade to | them in serviceable condition. 


: neers have. been too. ready to place a > all the blame f for or disintegration On poor 


hen, 
x is the pr purpose of this paper to point out a few causes f for ‘disintegration ee 
ay ee good materials have been used. In some instances the causes are 0 fen) a 


— 


instances the deterioration has. progressed to a point where it is jeopar dizing 
the structures, s, and millions of dollars will | have to by be spent on repairs and 


This should make the problem of conerete corrosion of great interest. Rosi ; 


construction, and have not fully ‘realized that concrete has. its limitations, 


is hoped that ‘these fon fundamental facts ‘that have been established wil 
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seems use one chemical term may be ‘understood 
e by engineers. The eymliot; pH, is used to represent the concentration of dis- — 
| qocinted’ hydrogen-ions in the water. Pure water dissociates slightly into 
— sooia ydrogen-ions in water re water dissociates slightly in 
positively charged hydrogen-ions (H+) and negatively charged hydroxyl-ions ‘. 
 (OH- which bear a certain ratio other. The addition of acid or 
gikaline compounds changes this ratio. Pure water at a pH of 7 has aa 
all 0.0001 parts per million of dissociated hydrogen-ions. At a pH of 8 <e 
- ithe hydrogen-ions are only one-tenth the amount at a pH of 7, and at a pH a 

of 9, only one one-hundredth the amount. pH of. 6 has ten times as 
dissociated. hydrogen-i ions as a. of 7. The pH has very i important bear- 


= on the saturation equilibrium of « certain compounds. 


is a weakening of the concrete by the e dissolving of | certain 1 compounds f from 
cement. Disintegration “of. weak. ¢ concrete may be “caused by. freesing 
there may y have been no dissolving 01 or changing the cement com- 


10.0 


DISTILLED WATER/AND IN PER CENT 
"SOLUTIONS OF SODIUM CHLORIDE AND 


vio 


engineers have: assumed that Portland cement formed com: 

pounds: insoluble in ‘water, It will be shown that this is not the case. 

net: that there is usually an intermediate change to calcium carbonate makes 

. “the problem, in effecty one of the solubility of calcium carbonate plus at 

“protective action of certain’ gelatinous compounds) = 

d ott shown by the equilibrium curves in Fig. 1 the solubility of caleium 

depends o on the alkalinity and hydrogen- ion’ concentration of the 

“sirtounding solution. Certain salts in solution effect this equilibrium as 

‘shown by the two upper curves, for 10% solutions of sodium chloride | and ee 
sodium sulfate. For conditions represented by points above the curves, cal- Bary: = 
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These equilibriums | were established at room temperature, the 
The procedure in obtaining these curves was as follows: For the eter 
mination of the curve without neutral salts about 50 grammes each of calcium and 
carbonate from three different sources was pulverized in a laboratory mortar bon 


$ and ‘put into 300- -cu. em. glass-stoppered bottles. Chemically pure: pure calcium 
carbonate, ‘pulverized limestone, and the surface crystals from a saturated 
of lime water were the three substances. distilled water and 


from the city supply of Baltimore, Md., was used; it was 


tions were obtained by f passing through the 
bottles ‘containing the calcium carbonate were filled with water, the glass 


th 


stoppers inserted, and then the specimens were allowed to stand in ‘the labor. 


for one week with an occasional shaking. Later experiments have © been 
run in which ‘pyrex flasks were used and more than a n month allowed for 
iq bility equilibrium to become established. The same general procedure dure 
followed for establishing the cu curves where neutral | salts were present. 
ae oon he Tate at which reactions (such as the dissolving or precipitating of 
calcium carbonate) take “place near ‘the curve b be extremely | slow, 


- the distance increases 3 the rate of solution or precipitation increases yo % 


but the rate is ‘quite _variable, More than 90% of the 


‘total calcium inl be dissolved by water slightly corrosive to cal- 
The compounds remaining are usually soft and of a gelati- 


CuemicaL Compounns as GENERALLY err not Exist 


been written regarding the chemical composition of | Portland 

ie cement. This 7 paper does not propose to take i issue with the generally accepted — 

a ne theories as to the compounds formed, , except | to show either that there are a i 


number of ‘compounds formed in concrete, or that stable compounds of high 
4 rete caleium content do not exist. The gradual ‘eget in equilibrium, as shown by .% 


a <a the curves in Fig. 2, points strongly to the fact that if there are definite stable S 
compounds of calcium and silica in’ 1 concrete, they are probably compounds 
“ of lower calcium content than tri-calcium silicate, and that any additional — 


wire 


adsorption, (or, a8 has already been | suggested, a solid solution. Any soluble 
oo —% solid in contact with water will dissolve until saturation is reached. There — 


are several factors that may vary y the rate of solution, but, 
equal, the saturated solution contains the same quantity of the dissolved — 
compound. Fig. 2 shows that this is not the nee inthe saturation Portland 
or. concrete. is a gradual p int 
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item is removed by extraction ts at 7 two- thirds of the calcium hs 


pe While the » amount of alkali in 1 solution, as. as shown by the cu curves of Fig. 2_ +i 
1, 2, 3, and is expressed i in n parts of calcium ¢ car- 


0.56. saturation point of calcium hydroxide ata temperature of 60° 
Fuhr. is approximately 1340 parts per ‘million of calcium oxide 
‘expressed ‘in terms of alkalinity as used in the diagrams and tables, a about 
9.400. Any material showing an alkalinity of more than 2400 probably con- 
tains a more soluble alkali, ‘such as sodium or potassium, or contains a super 
ae uration of calcium hydroxide. Most of the tests in Fi ig. 2 were made after _ 
the specimen had stood from 10 days to 2 weeks with frequent agitation. Solu- 
bility equilibrium i is not quite reached in this time; a few check tests ‘were 
E made i in which from 2 to 4 months were allowed. The longer periods « of stand- oe 


ing do not materially alter the shape of the 


VARIAGLE CALCIUM SOLUBILITY OF HYDRATED 
q PORTLAND CEMENT INDICATING THE POSSIBILITY 


Nee Similar material to ty 
une E Grams neat 


| 


‘Per Cent of Total Calcium Dissolved a 


ball y was inertia in the flasks to keep the sample thoroughly crush and 
flasks w were tightly stoppered with rubber | stoppers. some instances 


Should definite compounds | of silica w with high percen percentages es of calcium be 
formed + after hydration, which now seems doubtful, the most significant fact) 
demonstrated by these tests is that such compounds, are not stable in the pres: 

ence of most natural waters. ‘Compounds of alumina are unstable 
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CORROSION OF CONCRETE 


1. —Exreacrion OF THE IN PorTLAND Cemenn, 


1924; 


ine tha 


3 


ADA 


hor 


uy 


eh cement mortar, 1 month old, was pulverized very tama and allowed to stand 1 week ex 
the air. A 2-gramme sample containing 1,19 of CaO was used. The total CaO 
as from the alkalinity tests, was 1.1 
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OSION OF ‘CONCRETE 
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= TABLE 8.—Extracrion 0 oF THE i FROM 


ity Amount of | ALRALDNTY, m Parts | 
Days withdrawn — Total CaO 
Phenol: | Methyl es. 


| 


gy * Neat cement mortar sealed in glass tube for six weeks. Pulverized, and 10-gramme 
used. Cement mortar tested 53. One liter flask used. 


— eemtimeters. 
| » Tih 
_ 
4.  . *50 grammes of a pulverized sample of the top finish of a cement sidewalk more iia” 
ne. than 9 years old was used. Sample tested 20% CaO. A 300-cu. cm., tightly stoppered flask was af ae —_— gees 
9 wed. An iron ball was inserted in flask on October 9, 1924, in order to pulverize thoroughly fee lm 
the particles that had lumped together. Complete equilibrium probably was not reached 
pee 
— 
Loui, . 


4.—ExXTRACTION OF THE FROM 


solution MILLION, 
withdrawn ~ Total Cao | 


from flask, t 
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©4100 grammes of neat cement containing 65.0 grammes of CaO was used. Prior to 
November 1924, the to form lumps. An iron was inserted in the 


Surface adsorption is a force almost unknown to: engineers. Many, i if 
all, solids have the power ywer of attracting certain compounds to their surface; 
o that is, the surface molecules form some kind of a loose chemical onl ua 
certain other compounds. The concentration n of the attracted m molecules 
Bi a may not be limited to the thickness of one molecule. The amount of a oom cies 
ae 2 pound which will be adsorbed depends on the surface area, the a attractive fore 
the solid, the ‘temperature, the concentration of the compound being ad ad- 
+ 48 
A sorbed in the surrounding phase (solution or gas), and probably ‘on other 
forces, ‘The presence of compounds in the solution which are not adsorbed 
frequently affects the amount and rate of adsorption. ‘It is possible for cer 
greatly expanded gelatinous compounds to hold by surface” adsorption — 
— usual conception of ‘gelatinous cc compounds is s that they are fairly soft ; 
yet actually may be composed of a network of f minute of 
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oe water that has lost its power to flow.. When the solid is exposed to the air ‘ pias 
= also. appears to be a surface layer of air v which does not flow. i These ie 
are probably | oriented layers, that is, there i is an an orderly ar arrangement of a 3 
next to the surface, to bobivibh 
h her 
sone force with which adsorbed compounds (assuming that water or other eS 
nays and gases are adsorbed) are held attracted to a surface is greatest cn oa 


4 tala has no effect, Some. gelatinous compounds are able to hold more than oe 
fifty times their. weight of weter, agar being such a compound. bers Water does — 
- flow from the gel regardless. of how long it may be left with ‘unsupported 
q ‘sides; y‘ yet there i is nov impervious membrane holding the water back. It will aie re 
‘ evaporate if the moisture content of the air is below the saturation point, me. 
gor it will not flow away from the fibers of the gel,. 1 When pressure is applied — is § 
it tends to overcome the attractive forces of the solid, so that materials imper- oe : 
‘ vious | at a low pressure may not be so under high pressure. Clay may be 
“nearly water- -tight, yet have more than 50% of its volume in voids. Particles 
§ g the same shape as those . composing the clay, but about 1 mm. in diameter, Pg 
may arrange themselves 80. that the total percentage is much 
than in the clay, yet water will flow through them. of f times as fast 
fact that the water ‘molecules: may be adsorbed 01 or oriented against 


solid surface and thus prevented from flowing gives a 1 good illustration of the 


power of solid surfaces. _ Orientation and adsorption are by no. means.confined 
E hs the water r molecules for the concentration on solid surfaces of molecules « dis- NGS 


tration at which practically... no alkaline ions are. adsorbed. .. Between these 
: - points both ions appear to be attracted to or near the solid surface = 4 
Ls 


quantities, depending on the hydrogen- eubueeneen ‘and a number of 


Chemical ‘compounds probably - not change one compoun nd.to 


another without first going inte liquid. stage. Certainly this is the « case 
with n most changes, and future research will probably prove it to be true for ie 4 
q practically all compounds. Most. chemists now believe that there are excep- i Sie aa 


tions to this rule, although every indication. points to. the fact. that cement Pee 4 
does follow the general rule. . In the hydration of Portland cement the dis- > a 
solving and re-precipitation as the cement compounds unite with the. water 
takes place with little change in in volume or form from that i in which the | par- hy oh: 
dun of cement are left after they have been mixed with water. x - Where the tics 


particles touch, or are extremely close together, the dissolving and re-precipita- 


q tion builds them 1 up together. It is this that gives cement its binding power. on mae 
a The reaction h progresses slowly, a and possibly requires considerable time before 


center large if it ever does, cement : 
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CORROSION or CONCRETE 


‘mixed with» water, ‘indicating that ‘the original reaction might. not 
wi for all the particles. isyal od cole 
nearly saturated elation of hydroxide’ tends to coagulate finely. 
"divided particles of many compounds, and when the particles of cement lib 
erate caustic lime it, in turn, will partly coagulate the finer particles of cemen 
round the larger particles; giving a structural formation somewhat’ — 
in Fig. 3. The full effect of this tendency is not realized in concreté when 
only sufficient water is | added for proper handling, for the fine particles att 
yecome greatly dispersed in the water. It is not possible to produce heat 
cement mortar with less than about 25% of voids when it is first mixed. | 
hydration does: not reduce this percentage 1 materially. It is only by 
“tion of some other ‘compound, such as carbonic acid. which forms calcium 
carbonate with the liberated calcium hydroxide, that the voids are ted nced. 
The formation of calcium carbonate tends to build v up ‘another strveball for- 
oe within the voids of ‘the cement, greatly reducing them and usually 
ing strength to the concrete. oval jot | 


én 


is a “point; however, long before all ‘the voids are filled, ‘w where 


ter or air 


is pa sp the mass to the impervious or stagnated stage. The gelatinous — 
aluminum hydroxide and silica offer the greatest protection to concrete 
merged in water corrosive to calcium carbonate, but the intermediate change 
to calcium carbonate greatly aids in ‘retarding the rate of corrosion for = 
natural waters, This applies to conditions in which there is nothing 


_ tending to remove the , gelatinons compounds from the outer concrete surface. 

to sad ba Srrvorura Formation or CEMENT Montan 


a The addition of water to cement, al this’ mixing, leaves it in @ porous — 
‘structural formation with a slight tendency to assume the characteristic mesh: 
work of fibers as shown in Fig. 3. This is from a very porous section of con 
crete, largely composed of the coagulated finer particles which have 
solid fibers. The ‘drawing is partly camera lucida. It i 
greatly part of the mass, and was selected because it would be 
a to show clearly the more compact part. There are numerous large bee 
varying i in size from those shown to others as large as the circle. A sand gt ‘ 
0.5 mm. in diameter would be about twice the diameter of the circle. ee RY 
aig A true picture of the structural formation of hydrated cement mortar would 


aay show a structure with fibers much shorter, thicker, more irregular i in shape, and 
Fas @ more compact than shown in Fig. 8, with some particles as large as the a 


. water every particle of cement touches or 
is close to another "particle, , and usually to “several others. 
f crushed stone will probably give some idea of the arrangement of “I comet 
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layers Of Water OF air Ciuse tic pures Tapld 
éWith éthe surrounding Then, the concrete becomes water-tight — ag 
on ee or air-tight, yet it may have more than 20% of its mortar volume as voids: Tt ie ee e 
a og is the formation of calcium carbonate within concrete that gives it'the great- 
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or 100 GramMmMes or CEMENT MIXED WITH VARIOUS 
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, this 


smell as to the coment. To obtain Fig. 5, a small particle of sand, rejected = 
for use on the addition to the Montebello Filters in Baltimore, Md, was agi- = ; 
tated in water and then allowed to stand about 30 min.; 1 cu.cm.of the dirty = 


was pla of 


cam: 


in cement manufact 


-ADHERENCE 

_ LMPORTANCE OF F’OROSITY 


hen good materials have been used and properly 


= 
not a correct picture, for the finer particles ate some- 
18 not a correct of cement or aggregate some 
grains; round the larger les of dirt or silt 
d to coagulate a li to the finer ticles o 
shown in Fig. 5. This applies - 
wha 
gement wereadded. 
eralucidadrawing = 
water i for about 5 min., and the mmmera lucida — 
5 min. afterward. A ge! minFig. 5. 
ctically all the particles of as of the action of the 
th ile of stone ; dh Tes and then solid- 
outside of the from the oxides in cement_. 
ifies again. The plastic part, representing 4 of the mass, being fol 
the hydroxides, gradually case of cement there is no plast ‘ = 
idification. In the case of 
coc ie but it is likely that an idea that all the cemen ii 
layers of water. This ure, in heating several 
particles undergo this change, elting points, it is probable that inso 
compounds that may have different m to = 
> 
ill withstand the weathering agents is 


we little effect. It is the : spacing between the fibers or solid particles that deter. -) 
et This i is best illustrated by. comparing the volume of equal weights of cement Ss 
a os mixed with variable | quantities of water as shown in Fig. 4. In this experiment ree 
= five batches, of 100 ) grammes each, of neat cement were mixed ed with 1 different 
quantities of water placed in identical glass tubes. The photograph | was taken Se 


_ one week afterward, Pre rom left to right 20 , 25, 80, 40, and 60 cu. em. of water RS 


water, but by an expansion of is composed 
a aes of particles varying from m almost sub sub- -microscopic size to ) more than 0.2 mm. in 
4 a diameter. If the total mass is expanded 50%, actually it will be much more iS 
ar than 50% for the finer particles that fill in between the larger ones. ee 
: oe Ifa piece of loose cotton is submerged i in water tl the e volume of water around 
‘the fibers may be quite large i in 1 proportion to the actual volume of the cane 
yet the fibers may be fairly uniformly distributed throughout the mass. ee 
x #3 this same p iece of cotton were compressed to about one-tenth _ its original — 
volume the fibers would still be fairly uniformly distributed throughout the 
mass, , but much closer together. In the: loose Piece « of cotton, water from the 


& interior of the mass would c communicate much more rapidly. by ‘diffusion than 


in the compressed mass; that is, a certain salt in solution may diffuse through i 
1 in. of the loose cotton within 10 min. whereas it it might take 100 hours Seas 
more to diffuse through 1 in. of compressed cotton. 
TABLE 5. —Vows In Neat Cement Usine VARIABLE Quantitms 


exe 


centimeters, 


iA 


ube 


according to the quantity of used in The range | a 
me minimum of 22% of the volume, with 20% by weight of water, to a maximum $e 
e oe. of 49%, with 70% of water, represents a considerable variation i in the expan- 4 
‘sion of particles. ‘Ifthe diffusion rates only in n proportion to to 
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used. bir is the point of minimum voids and probably the 
— imate point of maximum str iti 
ength. The addition of more water 
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CoRRostoN OF CONCRE’ 
‘quantity of. water used would n make Tittle difference, but © on 


of the stagné ated lay er of water the solid surfaces this variation 
voids may result in increasing the diffusion rates throughout the mass a hun 


-dredfold. It has been Ae OTE a. that cement is soluble i in wi water, » that i is, that ‘most 
_" the calcium is soluble; now if this calcium could “diffuse readily | to ‘the 


“gurrounding solution the life of concrete submerged in most natural waters 


vj 


Neglecting bubbles, all voids i the cement mortar were filled with ax 


water when 25% by Weight of water was used, yet the mortar did not 8 separate oe 
‘from the water when 1 60% was use ed. “The only explanation i is the force of the 


stagnated layers of water holding the particles apart. Iti is reais. to realize os 


touching. the “il acted as a a liquid next to the metal the heavy ‘Pressure 


Water is not as good a lubricant as as oil but the is the same, When 


is added to cement to such an extent | that there is an actual 


‘of the solids after it becomes still, the distance between the particles i is so great 


that the stagnated layers are not joined together continuously throughout the 
— “mass, and if it were not for a d decre ase in voids by the formation of calcium 


carbonate while or after setting, this wet concrete would deteriorate rapidly 
when exposed to the weather. N otwithstanding this reduction of voids it -. ave 

‘disintegrate much more sane than st when the optimum quantity of water is 


‘Density is wilfully sacrificed for economy of ‘elt ‘construction | in modern 
work. Under ‘some conditions this m ay be ‘justified, but. any con- 


of the densest material possible. Concrete wet enough to run in ‘a chute with 
the angles of slope now ae ‘used, should never be exposed at a rr 
— climate is cold enough to cause freezing. In most tiistaiied ‘such wet 
will begin to disintegrate within 20 20 years, and in than ae 


The examination of disintegrating concrete on a number 
such conditions has almost invariably shown a large percentage of ae 
a that it was  honey-~ -combed, but that there was an expansion of the » cement fibers. 
‘This applies not only to construction in “which good materials have been used — 
e but to that in which it is not exposed to sea water or sulfate waters. Such — £ 


(Raters b bring about conditions that even the best ‘concrete may ‘not . withstand 


is believed that a void 1 test and the inclusion of maximum limits would 
a desirable additions to the specifications for conerete on important exposed 
a structures. It is realized that any addition of laboratory tests is not regarded ris: 
With great favor in in construction m work; however, when present methods u under a 
q the best of inspection do not always: produce durable conerete, the small cost iy ees ; 
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a sample. of the | concrete into a mould 4 or more in its dimen- rou! 

sion, covering it to make it as nearly air- tight as possible. Allow the mixture 
stand over night, or until it has hardened sufficiently 80, that it may min 

removed from the mould without breaking. Leave it for at least 24 hours in 
drying oven having a temperature between 212° and 250° Fahr., then cool it 
to room temperature, weigh it, and submerge it in water of approximately pre 
“Weigh it it has been n submerged suc successively 
aa Brae Po) ‘45 min., 2 hours, and 4 hours. If the 4-hour weight is appreciably higher = ist 
: ee be ‘the 2 -hour, submerge it fo it for r another 2 hours, 1 repeating until the weight i is ee 
constant. Remove the outside water with a dry cloth each time before 


weighing. Measure the volume by displacement of of water while the sai ample j i | 
wet, and, without drying, crush ‘the sample, preferably with a hand hammer, 


Bee : =e using care not to injure the pieces of coarse aggregate. Striking the ) pile of 


crushed co concrete repeatedly with a light hand hammer will crush the mortar 
very fine. Sift the material through a No. 8 standard sieve, and repeat the 
4 ee om crushing and sifting until all the mortar has been removed from the aggregate. 

five to ten sievings will usually be > sufficient. Weigh the moist aggre 


: gate, , dry it at the same temperature as was used for | the concrete, and weigh i it 
: a again. Determine the actual solid volume of aggregate by submerging. it in 


water. rr. ‘This should | be done v while it is n moist. Few air- bubbles. within the con- 
‘ ee crete will be be filled w with water by y submergence if the sample i is not heated. It 
desired to measure the voids around the coment and no ‘no effort 
"should be made to fill the bubble spaces with water rT. 20 at ai 


; so bd. oa following i is a very convenient form for record: 


to Montebello Filters. Settling basin floor 


3 Age—1 day. Theoretical in mix.—1:2:4.. bt aie 5 
Weight o of dry concrete. . .1288 grammes. Sp 
Submerged 5 min...... .1359 grammes..... water 
Submerged 2 hours. .1390 grammes. water absorbed. jf is 
Submerged 4 hours.. .1390 grammes. . i 7.9% water absorbed. 
: Percentage of total absorgtion, within 5 min,.... | 


volume of solid gravel. . 


absorption of ‘mortar (1390 — (867 — - 860)...... 95 eu. 
Water abe of voids in mortar (95 + 258).............. 36. 


Remarks.— Voids in mortar are excessive, by very wet mix. 
a 


This procedure does not give the total voids in the concrete, for there are 
air-bubbles not the water. In fact. it is 
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OF 
“few ai irbubbles 8 are filled with | water, unless the > specimen is boiled or subjected 
to a vacuum. Voids might be be filled 80 easily probably would not exist: 
in the concrete. The test gives a fairly accurate measure of the voids sur- 
E "pounding the cement fibers, which is the information desired, for it is the 


spacing between fibers or the structural expansion of the cement that deter- 
mines its its power to resist the elements. Air-bubbles have little effect on the life 


of concrete, except possibly when they become | filled with water and freeze. a 


This proposed test is not to supersede | the slump test, but to aid in — ae 

preting it. The aggregate has s considerable influence on the slump, and, 

F although a . fairly g good idea of the porosity may be obtained in this manner, it _ 

ba is not as accurate as the water absorption test. ~The requisite slump for con 

5 - ete that i is to be exposed to water and freezing weather is so small that con- 
siderable» variation in density will ‘not greatly, affect: it. void test 

agpicable to old concrete, but it is | more difficult to remove the mortar from 


old method results. The present 1:2:4 proportion ‘of 
ment, fine “aggregate, and “coarse aggregate, especially the tatio of fine to 


aggregate, does: not give the best: results wide Tange of 


from the same 


source. In one locality an excellent quality of sand may be found 

ing in size from fine to te in. . in diameter, and in another locality sand and 

may be found ‘mixed in various The engineer is con- 
ee with the problem of | how to utilize local materials to the best advantage. ye 

Specifications for fine aggregate usually state that it shall vary from fine to 
Siaam with a certain percentage passing. a No. 4 sieve. 2. The recommended : 
| the Joint Committee on Standard Specifications for Con- 

-erete and Reinforced Concrete suggest that not less than 85% pass a No. 4 ae $ 

sieve. These specifications give ] little idea of what should pass a No. 8 or No. ahs 

16 sieve, except in in an Advisory Appendix (XVD¢t that. recommends varying a 
proportions of aggregates fc for variable sizes s and slumps. It i is not un uncommon 


to find fine a, aggregate that will “comply with these specifications with from 25. to ae 


retained: on a No. 8 sieve,. or with more than n 90% passing a No. 16 
Carves of of the p percentages by. weight of sizes determined by sieving are 


for various sands. One characteristic of the curve is the rapid i increase in size 


for the coarser particles. This i is shown in Fig. 6, which is a plotting of v 


All evidence points to the fact that the effectiveness | of sand for concrete _ 


a ee depends largely « on the quantity passing a No. 16 sieve, providing it is By 
_ properly graded below this size. It requires less than one-half as much sand by 


. Proceedings, Am. Soc. C. E., October, 1924, Papers and Discussions, p. 1153. _ 
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ppens to concrete on an important structure. 


but not wet enough to run in a flat sloping chute. 


Se 


Volume 


883988 


aon 


y, the mixes varying from fairly dry for Sample 5 to wet for Sample 1, 


Sample 27 is given to show what sometimes ha 


with about the right proportion of water for proper handling in forms, 


in 


| 
hak 


_ Samples 1, 4. 5, 8. 9 and 10 were mixed in the laborator 


rom concrete on important work. 


— 
— 5 ga 
— 
— 
| 
—i 
— 
— 
— 


passing a No. 8 | for gravel that is unifo rmly graded from the No. 


8 

probably done ‘more to place t the dividing line 

‘them at the No. 4 sieve size than has any scientific reason. It is not a good 

dividing | line, and caer tendency now is to establish other ratios, depending on 

the aggregate. sizes. Since a change is essential, it is believed that much good — @ 

) will be done by establishing the dividing line at the No. 8 sieve size. This will 
be especially a advantageous for the smaller jobs where the ie necessary fi fine sieves” 

and men to operate them and calculate theoretical ‘proportions | are not avail- 

= §6able. All that will be needed i at a ‘No. 8 sieve and scales for weighing, or some 

of measuring the volume The. computation necessary for proper 


40 80 90 
3 


To establish this | size as the dividing line ween not con- 


loose coarse aggregate, the variation from the modulus as recom-— 
¥s mended by Abrams* will be little for the materials ordinarily used. | This is 
“not suggested to take the place of the x more accurate methods of proportioning 
on large jobs, or where skilled supervision is available, but to urge the » need 
of a change i in. the dividing line between aggregates. The No. 8 sieve is” 
‘an essential in the ‘Proposed test it ‘more nearly coincides 


* “Design of Concrete 
‘lewis “Chicago, Th. 
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| lspecificatibns df the| Joint Committee(Proc. Am. Soc. ©. E.| Oct.) 19 / 
B Band being used onjan important structgre and producing good concrete 4 iJ 
wher the jratiolof sand td coasse aggregate is| about 8O|per dent | A / 
| E |Sand poorly proportjoned| and pntirely top fino. Being u ed fi / =. 
those who wish to use the proportions recommend y the Joint Commit- 
te Standard Specifications for Concrete and Reinforced Concrete, or 5 
Abrams fineness modulus. If all material passing the No. 8 sieve is classified 
Be a8 fine aggregate and all that is retained on the sieve as coarse aggregate, a , i 
im 
Bulletin 1, Structural Materials Research Laboratory. 
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The ratio of cement to aggregate shall be. . .. (this will depend on 
oe character of work. The ratio, 1 : 6, is a good proportion) | by volume, the'fine R 
and coarse aggregate being measured separately. All aggregate passing No, 
8 standard sieve shall be classified as fine aggregate, and all retained on this 
sieve as coarse aggregate, _ The coarse aggregate shall be graded from...... 
(insert largest size desired) ‘ to the No. 8 sieve size. Not more than 15% by 
i. weight shall pass a No. 4 sieve . The fine aggregate shall be graded from the — 
ak a No. 8 sieve size to the finest, with not more than ... - (about. 20) per cent. and 
not less than. .....(from 5 to 10) per cent. passing a No . 50 sieve. The propor- 
tion of fine aggregate to coarse will be computed on the basis of the voids in the 
loose coarse aggregate. The percentage of voids plus......(this should vary 
from about 2 for very coarse aggregate to about 10 for 4-in. aggregate; 4 is 
- about the proper figure for 1-in. aggregate) will be the ratio of the loose fine 


& aggtegate to the loose coarse aggregate. — In case the specified proportions do 


not give a mortar volume in the concrete at least 2% in excess of the voids 
aaa in the coarse aggregate the proportions shall be changed to give at least this 
Z ee. amount. The voids in the mortar of the concrete 1 day old shall not exceed - j. 


of the volume of the mortar, 
oF coe It is difficult to state the maximum allowable porosity for - the mortar in 


-conerete. Certainly, when it may be exposed to water and freezing weather the 
pereentage of voids should not amount to 35 or 40 as is now frequently the 
_ This may be suitable for protected buildings ewes great strength is not neces- 
“sary, but it is. “not ‘suitable for outside exposures. it is believed tha at 25% 
voids is the minimum practical quantity in cement mortar as it is first 
except in the _top finish of sidewalks and floors, where the excess 
water is allowed to escape and the mortar ‘afterward i is worked together to 
its maximum density. The | treatment results in the most durable concrete 
rs now being constructed. For concrete at at the water line, or under water pres 
sa e sure, the maximum of 289, . of voids si suggested for t the mortar tar should be lowered ze 
Ss ee it is practical to to do so. _ This will give concrete that i is too dry to be chuted “3 
Seca in the flat sloping chutes now generally used, and will require | the exercise of a 
extreme care in placing to prevent However, the 
1s more than n justified on important: structures. 


4 


he bolt When concrete is ‘exposed to the air but protected d from water, the forma: ) 
Pe tion of calcium carbonate is probably the only change that takes place after the 4 
ee hydration of the cement. If the mortar is very ‘porous; that is, if the highs A 


-. tural formation of the cement within the ‘mortar is . greatly expanded, on one of — ~ 


two things will happen: The change to calcium carbonate will gradual ‘fil 

‘the voids until they are reduced to the point where the stagnated layers’ of. air 
a4 practically prevent further diffusion of the carbon dioxide into the mass; or A 
Leoea ‘the calcium solubility of the concrete will gradually be reduced and ie 


hydrogen-ion concentration will be increased until onate equ 


librium is nearly reached. This latter change takes place with no apparent 
weakening of the strength of the concrete; in fact, there is sually an actual 
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CoRRODING IN A REINFORCED CONCRETE GIRDER ABOUT 10 Years OLD. 


8. DIFFUSION RaTEs OF CaLcrum THROUGH 


stagnated 


— 
in 


= 
4 


tree. 


fi 


Re 


=, 


4 


.) The only danger where the structure is protected from the weather is the s 
S: possibility of the, steel. reinforcement rusting and breaking the concrete as 
shown in Fig. 7. This construction was about 10 years old and was protected ea 
from the weather, but was on. the inside of a building where te was ‘Moist 


he that flaked tested by pulverizing it ana it in 
distilled | water in a closely stoppered flask for 20 awe _ The solution at the end ai 


glowed up considerably as ~ depth increases, but it may eventually 
the entire depth of the girder. The materials used in 


were good, but mixed too wet. the tar 


bat 

"surface if not throughout the entire mass. Iron cannot progtess 
the expansive force i is not ‘sufficient to crack 


“cause failure. The -ion and alkalinity of a solid mass 
are virtually the same as the water within the pores if any is present. $= 8 _— 


do If concrete is very dense the pores are filled practically to the point of es 


: enting further entrance of co, gas before much of the calcium has been — 
_ changed to calcium carbonate, No rate of penetration for CO, can be set, for 
it will depend or on a number of variables, the most important ‘of which is the 
“structural expansion of the cement within the concrete. It will never pene- 
trate very deep into dense conerete, probably less than 4 in., but in concrete a 


porous that the voids are not reduced to the stagnated stage the penetra 
a - will eventually reach the center of the mass. Bo This has already happened 


petra by rusting r reinforcement within the next | 10 to 20 years; ; however, * 

‘the pressure necessary to crack the concrete may give protection to > deeply 
embedded steel. in arott acitatigiserg iq wd bo: cow d off 
Concrete exposed to the weather is subject. to alternate wetting and 


i: never be reached when the concrete is very dense; only a thin layer on the 
outside will reach final equilibrium. Concrete 4 to } in. from the surface of BNs 
a well constructed sidewalk many pe old will give up calcium when sub- 
a merged until it reaches an alkalinity of 1 600 to 1800 parts per million. This 
is the desired condition for resistance to the elements. 
whe if the conerete is 80 porous: that calcium. carbonate equilibrium i is ‘nearly 
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SION OF CONCRETE 


edrrosive to calcium carbonate will wash’ away a little of the ‘caleium) fo 
there is no caustic lime present to ‘combine with, carbon forming 


& 


prescen used and atic results are not affected by certain neutral salts 

or where there is no concentration of -other detrimental compounds due ‘to 
ae moisture travel, are almost invariably due to failure in reduction of the voids ef 
=. to the stagnated stage. There is probably a gradual weakening beginning a : ae 
ae few years after construction, but it requires years to reach the point of a 


@4 


ot Wie cement is again the main factor affecting corrosion. | From a fresh ex. 
i posed surface, calcium hydroxide is set free in . the water. If there is con- 
siderable | CO,, free or half: bound, in the water, calcium carbonate forms and 
_ precipitates with much of it adhering to the concrete surface. This soon 
reduces the outside pores to the stagnated state and prevents rapid dif- 
fusion of the calcium from the interior of the concrete to the surface. The 
water adjoining the surface then approaches its original pH and alkalinity, 
which has been assumed to be corrosive. In this manner there is a “gradual 
diffusion of calcium hydroxide to the surface, a change to calcium ¢arbonate, 
and a gradual dissolving of the calcium carbonate. oft 
ae 7 _, When this action has progressed a short distance into the concrete, ‘prob- 
; aa a ably less than 0.001 in., another force is brought into play. The dissolving of — 
the calcium from the aluminum compounds leaves aluminum hydroxide, which 
Set builds up a gelatinous structure around the outside surfaces, tending to ) close 
ae _ the voids, and make the mass more impervious. Gelatinous silica also side, ia 
=e but there is no definite proof that silica goes into solution when most of ‘the 


hese gelatinous even if apparently loosely formed, greatly 
reduce the diffusion rates: Some idea of the slowness of these rates may y be 
3 obtained from Fig. 8. In this experiment about 4 gramme of hydrated lime was _ 
placed in ‘bottom of the tube and aluminum hydroxide coagulation was 


added. hydroxide was obtained by precipitation from aluminum. sulfate 


‘phenolphthalein | 80 


color, as shown ‘in Fig. 8. It required 30 days io penetrate the entire depts 
r, eee ‘about 24 in. Had the aluminum hydroxide been more compact the rate of " 
‘penetration would have been much slower, ‘iw 
the “surrounding water is” considerably below calcium carbonate 
— 
BS a and there are rio . other forces | aiding, ‘such as freezi: 
mental soluble sane corrosion will be slow. The free access of water 
fat the interior of the concrete, by cracks or honeycombed concrete, erty 
‘aids in extenitiog the corrosion into the interior. botaauste elt 
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Durrosion Rares THE CONCENTRATION OF DestRuorive Compounns | 


rate of seepage through concrete due to capillary attraction is usually 
‘times the diffusion r rates of most fairly ‘soluble compounds ordinarily 

tied in water or concrete. The finer the pores within a solid the slower : are = 

y: the rates with which’ soluble ‘compounds within the solid will diffuse to the a 

surface, and also the slower are the rates of water travel by ‘capillary attrac: 
tion. . Evaporation of moisture from a concrete surface near the point where 


water: is in contact with the mass, usually ca causes: water travel within ‘the 
ia Fig. 9, the surface ‘above. the w water line gives off ‘moisture and forces by ety 
ee — attraction water into the concrete below the water line. This not * 
@ only concentrates the soluble salts originally in the water, where the moisture — 
is ‘evaporating, but also dissolves soluble compounds from the cement near tthe 
a ” where it is entering and concentrates them near the evaporating ; point. — 


ip. 
Crystallization of 71 | 4 lization of fairly sol 


ine ali kali i vail be 
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luble compounds, such as sulfate, sodium om 
magnesium sulfate, » Iagnesium ch chloride, and others, may be concen- 
trated near the surface where the moisture is evaporating, “unless ‘removed by 


Tains or frequent washing of the surface. Neutral 1 salts, such as sodium 


chloride and sodium sulfate, have the power of base exchange when the con- 
has reached certain stages; that is, the calcium combined with 


4 
in solution i is » low 


in ond alumina has been reduced to a Under such 


enditions the compound near the surface where evaporation 
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: exchange frequently takes place when the quantity of salt 


taking be sodium carbounte evaporates from the sur 


of sodium carbonate. and sodium sulfate. nearly as readily as from water 
eerie consequently, the concentration of these salts to the crystallizing — 
ASS point probably does not greatly r reduce | the 2 evaporation r rate as in the case a 
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82 48 56 im 
free Coxcrets Instpe oF BUILDINGS AND NoT Exposep To WATER. 
* All except 4 is more than 9 ‘years | old. 2 and 13 were not 


when’ confined, crystallize under pressure and may induce failure e by 


concrete to swell and crack. Actual failure i ‘is usually Breatly aided 
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© CaLoiuM SoLuBiLity cot oldie a 
A number of disintegrating structures have been visited visited during tk the course 
this investigation and 1 many ‘samples have been It has been 


“Neat cement mortar sealed in air- tight containers 

| oe mixing with water and allowed to stand for a number of years, will, : 
when pulverized and submerged i in water, give up considerable calcium. 
the ratio of the weight of concrete to that of water is fairly large, calcium will 

go'into solution usually to the saturation point of caleium hydroxide. Occa- 

y sionally, the total alkalinity will exceed the saturation point, but this is due 

: to the presence of alkalies more soluble than calcium hydroxide, or to certain 
neutral salts. Tests indicate that, unless free lime is present, -ealcium satura- a 

a tion is never reached. ‘By submerging _pulverized samples in well stoppered ae a 

Containers and agitating them frequently, the saturation or equilibrium point 
appears to be reached within less than’ thirty days. The following procedure a 4 

3 has been used in determining the. calcium solubility. .. 19 
hs Crush the sample ina small rock crusher , or with » hammer, and then 3 

pulverize it in a laboratory. mortar o or mill. Discard as ‘the 

_ oarse aggregate as may be removed conveniently. If a ball mill is used, sift 

“K the product through a No. 16 sieve after pulverizing. Do not allow the pul- os 

_ -verized concrete to stand exposed to the air longer than is necessary. before — pak 
sealing, Mix ‘approximately. 60 grammes of the pulverized concrete with 300 cu a 
a. of distilled water in a 300-cu. cm. flask. Stopper tightly and shake fre- 
quently for 1 hour. After an additional hour filter a part through a washed ft 
filter paper, discarding the first 20 or 25 cu. cm. for alkalinity as soon 
after filtration as possible, also at the end of 24 hours, 10 days, and 30 days. It ery 
is not Recessary to filter before making the latter determinations if the solu- — 
is perfectly clear. The : sample should be ‘agitated several times daily. 
‘It possibly. water as ‘passed through the concrete ‘concentrating certain 
soluble salts, such as sodi um carbonate, the calcium determination should be 
-— thecked by a gravimetric test. Asa rule, if the phenolphthalein alkalinity is ss 
only slightly lose than the methyl orange alkalinity the alkali will be in the $e ; 


form. of calcium hydroxide. 


 Laitance i is composed of a and partly coagulated forma- 
tion of the finer particles of cement, or of any other finely divided material 
that ‘may be present. Frequently, it contains numerous fine air- bubbles, but 
necessarily. The voids are usually from 60 to 15% of the mass. The 
extremely fine particles are expanded to the limit of the stagnated stage. ‘I The 
mass also | possesses free waterways. ‘The ¢ communigation with the outside air 
or or water is so rapid that the concrete is reduced to approximate calcium car- 
Donate equilibrium before re hydration is complete, If laitance is placed in a 
sealed container and allowed to stand indefinitely, it will ‘maintain as high an an 
alkalinity as good concrete, but will develop little strength because it is 80 
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taki ‘is not possible to expand coment to “such a high percentage of voids 


be about as great. To a certain extent, this is what 


pens to the particles of between the lenges ones when an 


 ‘diberated when the water is added, and the formation of an aluminum a 
fide coagulation greatly aids in keeping the small cement and dirt particles — 
much farther apart. Fig. 4 shows that dirt t particles are readily y coagulated 

nt by. the calcium liberated from cement. Laitance is not cement of | a different 
character or composition from the remainder, but it usually contains a » larger Bt 
pencantage of dirt that been washed out of the aggregates. 
‘The investigation shows that the measurement of voids in 


“ fas gives an idea of what | may be expected of concrete, when good materials ha 


about 28% of the mortar volume when the concrete is to be exposed 
or freezing weather. ‘For concrete more than 1 year old, the voids: probebly ti 
-_ should» not exceed about 22 per cent. The alkalinity test, however, is the 


the problem of how to take care of existing structures is a serious one. 
a conduit or wall with water pressure | on one side shows a leak’ immediate 
steps must be taken to stop it, for the concrete is weakened as the caleitim . 
‘removed. In ease of delay, until an exposed structure begins to disintegrate 
- before making an effort to prevent it, it may be too late. — Progress in ie 
durable: ‘concrete has resulted from using ‘good materials 
in mixing and placing; yet with all ‘these precautions many structures 4 
bein to disintegrate after a few years of exposure. Many of thes “structures 
become strong enough few ‘months after construction for the Toad th t hey are 
a “carry, and if this stren ngth could be maintained they would remain safe. 
‘Structures: disinte grate, even when the inspection has been | good ai nd every 
care has been exercised to see that good materials are used, as in the cases 
illustrated i in Figs. 10 and 11. 

— 
ae Probably the same materials were used in the disintegrating slab (Fig. 10) 3 
| as in the surrounding ones. This poor concrete when pulverized and submerged — it 


5 in distilled water gave | a phenolphthalein alkalinity of 20, and methyl 


rounding blocks do not suffer any “material change from their present all alka- 


conditions realization that present- knowledge of com 
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‘gut ‘structural expansion . the cement fibers. Tests of a sample from th 
abutment showed a _phenolphthalein- alkalinity of 16 and a methyl orange» 
of 36. — voids i in the 1 mortar were (44 per cent. Such a 


tainly is a contribu ing cause. ie 

a The alkalinity of conerete + in. from the 
- exposed to ‘the weather or to 1 water should not fall below about 200 parts per ee a 


4 million. For a depth of 3 to 3 in. the alkalinity should not fall below about — a 
1200. Poor sand may produce concrete which will have a high calcium solu- ies : 


bility, but which because of its weak strength v will disintegrate in freezing h. 
: - weather. However, it is not the purpose of this: paper to consider disintegra- 


a tion except where good ‘materials | have been t used. slgoag to. 
It seems that the most logical procedure is to examine existing structures. 
tt the c calcium solubility index at a depth of 4 in. or more from the surface | oe 


‘is low, , the concrete should be protected, It is believed that, when the | safety 

y point of alkalinity is exceeded, reliance ‘should be placed only on some im- ; 

3 ious surface coating, such as paint. _ After cracks have developed, pro- 

is very difficult. Millions of in future repairs and 

probably could be saved by protecting exposed structures as they fall below 

‘the he safety li limit. of calcium ‘solubility. Many ex osed structures ‘apparently 

in good condition will be found to be blow’ the safety limit, but it is likely abe 

E a ‘gradual weakening is taking place and that eventually this may cause Ae oe 


The writer wishes to express his appreciation of the given 
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N CORROSION OF CONCRETE 
wanosue: M. Au Soc. Cc. E- —The has done great 
and real service to the s science > of concrete. . No contribution of which the 
speaker i is aware has so thoroughly developed the many phases involved 
all materials, concrete has’ its limitations. The av author pointedly 


_ speaks of “corrosion”. Limestone and steel corrode from the surface inward, ee 
When, however, “eory rosio yn” is active not only y on the surface but also within 


mass, then it is that “disintegration” begins. to 


Perhaps t ‘the most potent influence which has operated to build: up in the 


minds of people e every ywhere the idea that concrete is an imperishable. material 


is advertising slogan “Concrete for permanence”. The author, however. r, 


has. Clearly shown that, “in the absolute sense, no concrete is. permanent and 


the 18 only a term which embraces everything 
ie 


strongest ani 
out. that the rate at which water diffuses pay a concrete is no 
function of the absolute density ; therefore ‘it clearly ‘follows that con- 


crete made from those cements that will develop a structure of such nature 


as to permit a minimum of ‘diffusion will | be the most durable. 
+ ‘Those concretes through which water diffuses least readily contain, as has 


been indicated i by Colony it a ‘maximum of “the amorphous constituent”. . These 


high alkalinity. conclusions drawn by Colony from his microscopical 


examinations thus seem to be ‘confirmed by the author’s nvestigations. 


: all cement were of the same definite composition, then all concrete ‘made 
under like conditions should show similar characteristics and equal resistance 


i to both corrosion and disintegration. a Such, however, is not the case. | Cement 


a0 Sy ts ‘ variable product with respect to its content of those constituents that a 


pee necessary to the development ofa structure which will act to prevent the di 


of the: that go to the constituent, cannot pos- 


make a conerete which will | be resistant as from a cement 
‘The speaker has indicated} some f the great diffe mces among present-day 


ements. These differences are 1 not “disclosed by the standard specification — 


under which all cements meeting the minimum requirements — are a as 


equals. The se science of cement has lagged far behind in the general march : 


of progress and the almost universal d demand for better concrete 
an” 


to be satisfied until better cement is available for its ‘making. 


Engineering News-Record, April 22, 1926. 
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The 
» his coal, his wheat, and his single ‘standard: for any 


ean do no le less than promote | mediocrity of quality. to 


Aue * M. Am. Soc. C. E. —From the contractor ’s viewpoint, 


‘lh disagrees with the author’s opinion, which seems to indicate that 


of the concrete being produced i is bad, is poor policy 4 for r the Engineer- 


in ng and Contracting Professions to illustrate disintegrating eongrete and not ; 
to show a ‘proportionate amount of good work. . 


ae “After sixteen years of practical | building experience, the speaker offers 
“gp back over the structures constructed either ‘directly by him or under his 


5 upervision and and challenges critics to find anything like the conditions described. _ 
The reason for this is neither because a better quality of cement was “used nor 


better kind of aggregate, but merely because. the concrete was made with 
‘Teasonable care under good standard conditions ; because standard brands. of 
- Portland cement were used. and, what now bBasiate, increasingly clear and more 


- important every day, because not too much water was used in mixing the — 


-eonerete. The cause of every case of bad conerete mentioned in the he. 


placing, or exposure to freezing during the setting period, with poor 
grade of aggregate. " It is s entirely te too much 1 to expect the cement to overcome 
such obstacles and, in spite of them, to make durable concrete. = 
When the 1 water-cement ratio is kept constant for | any definitely desired 
a i ‘high strength, uniform, ‘durable concrete will result. To illustrate the sim- 
of principles i involved, Fig. concrete “the 
at ont: Every job has its own “job constant”, we a: water-cement-ratio of 1, 
¥ from which increases ord decreases i in strength can be obtained by automatically — es ee 
poring the water- -measuring tank; the strengths will follow the curve, known 
as a “job curve”, Only the job constant is by of the 
Engineers, therefore, do not hood different ds of cement or 
ey different gradings of ce cement. ; If s any one believes that one brand is better 
than another, he can buy the grade that he believes is better and, by — 
_ Ing it with the aggregate available, establish his own job constant. - Tnnumer- 
= tests made by the Lewis Institute and by many others show that the quan- ae 
tity and grading of the aggregate have no effect on the strength as long asthe 
eoncrete is workable and plastic; also, the strength, and therefore the lasting Ape 
quality of the concrete, is merely controlled by the ratio used 
Judging the paper from the angle of field experience since 1994 
4 Ry trolling concrete by the water-ratio theory, the speaker feels that the chemical 


3 value of the ; author’s work may be good and can neither be criticized nor. dis- 


a 


cussed. " This phase presents a viewpoint that is interesting to a contractor — 
and may explain surface disintegration or weathering. Such weathering, how- 


| as ever, is men in ‘properly made standard concrete. Therefore, the paper is 
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the liable to work good contractors do the work proper 
supervision of the water-cement ratio takes place, there need be no danger — 

of disintegration. in fact, the author really affirms the importance neces neces-- 
: sity ‘of water- -ratio control of concrete. There would seem to be no need of 
ae a special test for void aa 2 he asks for if water-cement ratio 0 is controlled, 

‘The speaker does not believe in specifying proportions o of sand to gravel 

or in changing the size of the , maximum grains in the sand. Both the water- 


ratio d theory and the paper itself indicate that the size and grading of the sa sand 


grains have no effect on the. strength | or the density of plastic concrete. “Size 
_ and grading affect only the economy of the mixture. It a change i is made, it 
should be as the author ‘recommends, to have sand of in. and ‘less, and two 
other sizes ‘to’ ‘combine with this; ‘this is almost the same as the speaker’s 
~practice—to buy commercial “peqdy-mix” and check the quantity of fine sand 
‘The remainder of the aggregate, as as Mr. Baylis p points out, ‘iso 


material consequence as a filler for the resulting concrete. 
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DIAGRAMMATIC SKETCH elt bard 
CONCRETE STRENGTH REGULATOR 


would be better, if is not ‘used, to have thre sizes of 


advantage in oc see the contractor by 1 using three | sizes, having in mind 


that the size and grading of the he aggregate have no effect on the resulting 


‘Thus, there need be no fear of } poor concrete providing a standard cement — 
used i in a proper way, and providing the ‘water-cement ratio is controlled by 
e me ‘approved device. There are a thousand examples of good work to be 
instance of disintegrating or poor concrete, amt 


test it, and us use if they are willing to pay the p price. This of 


egregate affects the job constant and the job | curve, _ but i ‘isa ‘8 separate factor 
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m that of er which is not important, as it affects only the or 


0 and of V in 806), the av that he heats 
5 a a specimen toa temperature of about 212° Fahr. for about 24 hours. If the i 
specimen is broken and heated, the moisture content will be very different a 
= that obtained by the unbroken specimen in a drying oven. et Pe ee Se 

~ In analyzing a number of samples of concrete, the specimens were dried in L=. ; 
“the manner described Mr. Baylis. The ‘specimens were 4-in. and 4 


fie of various heights, and consistent results could only be obtained by a 


first breaking them and then drying them. ‘of fu 
R. H. Bocus,t Esq. (by letter)——This paper is of interest because the 
author reports: data on chemical experiments and interprets these data in 
terms terms of generalizations on the nature and behavior of Portland cement, rostral me 
In the case of all scientific papers, and more especially those in which af Ae 
‘generalizations ar are formulated which may ‘affect profoundly the treatment of 
8 most important "structural ‘material, it seems imperative that the author 
exercise the utmost caution in his statements and make no ) assertion whatso- 
for which he does ‘not give. either his authority or his experimental evi- 
dence, Even a conjecture on matters of such importance is impermissible 
4 unless the bases for an opinion are expressly stated. 1. This is is the: more com- a 
pulsory when such. statements or conjectures ap ‘appear | to be at. variance with ¥ 
"established chemical or physical law. abliw, agoituleg. 
vs The author has p resented almost no no references to ) published investigations, : 
and confirming phe on | many statements are lacking. In many cases state- 
‘nents are made which leave the impression that they represent established 
truths while as. as a matter of fact they are the author’s interpretations on 
observed phenomena. These interpretations may or may not be justified, but 


in every case it should abe made clear represent the 


= 


“by “When a solid has attraction for both acids and alkalies there is a certain - A : 
hydrogen-ion concentration at which practically no acid ions are adsorbed, 

and another concentration at which practically no alkaline ions are. adsorbed. — a Be 4 
_ Between these points both ions appear to be attracted to or near the solid as af 


_ surface in variable quantities. _ depending on the hydrogen-ion concentration | 
anda number of other variables” 
Testing and Designing Engr., The Thompson & Lichtner Co,, Inc., Boston, Mass. 
+ Research Cement Amectation U. 8. of 


Washington, D. C. 
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This statement seems » thot: to be in accord with the usually accepted 
plas of electrolytic equilibrium and requires supporting data or canna > 
2.—“In the hydration | of Portland cement”, it it is also reported, “the dissoly- 
ing ‘and’ re- s-precipitation n as the cement compounds unite with 
Sel with little change in volume or form from that in which the particles of 
“cement ar are left after they have been mixed with water.” ” Tt seems’ that. ae 
statement must be qualified, ‘for it is hardly conceivable that a conversion of 
the several anhydrous crystalline compounds of clinker to the partly amorphous 
and partly. crystalline and usually hydrous compounds resulting from r reaction 
_ with’ water could be effected without change in form. Evidence supporting =i) 
author’ opinion is necessary to establish these points. ai 


a —The statement is made that ‘ “stagnated layers of | water or ‘aif close 
a Since this statement coné mstitutes the basis for the “development of a a method 
a testing concrete structures, it should be fully rrp by authority or 
4- The s setting of Portland cement it is referred to in various places i in the 
‘as concerned with or about by a change in the oxides to 
hydroxides and the presence in the product of both aluminum hydroxide’ and 
hydrated silica. No authority or data is offered for these statements, and = a 
aro they are not in aceord with recent published investigations, they require 


It has not been explained what i is by the “hydrogen-i ion con- 


centration of a 80] solid mass”. Such a conception is not recognized in physico: 


\ 
The author states that diffusion is greatly retarded by the 


Ta gelatinous materials, and quotes an an experiment in which 80 days were required 

diffusion to proceed 2.5 in. Similar slow diffusion’ may be 
in pure solutions with no gelatinous m material present. For example, , copper 
sulfate » solution placed in a jar below water may take years to o diffu se through 
a distance of a few inches to form a homogeneous solution* = = 


boda! In addition to these statements of the author, which lack supporting evi- 
‘dence; there are a few general points that require detailed attention. 
ey Surface Adsorption—A few experiments are described on the leaching out — 
oo % of the “calcium” from va: various ‘cements. From the description presented it is i 
teeta that the solvent was distilled water and that after each interval ‘of 


several days, when a part of the solution was removed for test, a similar 


quantity of water | was added. ‘The data are plotted with “alkalinity” in parts 
pore per million expressed as caleium carbonate as the ordinate against “percent § 


age of total calcium dissolved’ as the abscissa (Fig. 2). ‘The curves obtained 


show a more or less regular drop, indicating that as the total ‘calcium” dis- 
solved becomes greater, the “alkalinity” of each’ fraction tested decreases. 
i The author regards the smooth nature of the curves, (the points on Curve B “y 
distinct break that is not explained) and the drop in “alkalinity” 
evidence that “either there are a number 0 of compounds in concrete, 
oF tha able | of high calcium content do ‘not exist”. He 
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“The gradual in 

points strongly to the fact that if there are definite stable prone of “d 

dum and silica in conerete, they are probably compounds of lower calcium — 
- content than tri-calcium silicate, and that any additional calcium above these 
- stable compounds may be merely in the nature of a surface ‘adsorption, or, a8 
has already been suggested, a a solid solution.” od 


These conclusions leave it optional whether there are a number of com-— 


pounds formed in concrete, or surface adsorption complexes, or Solid solu- 
tions. author, however, makes it apparent in tl the following section on 
a “Surface Adsorption”* that he purposes to. champion the surface adsorption AMES 
“idea. The m main point seems to have been missed entirely. curves pre- 
sented are typical curves. for hydrolysis. Any salt which either a 
weak acid radical, | or a . weak | basic radical, or both. , will undergo in | water a 
into. its acidic and basic constituents,* es vido, 
The case in point involves the tri- calcium silicate, di- -calcium silicate, | and a 
vote xr aluminates, ferrites, « etc. To » deny the existence of such compounds in in 
_ qlinker is to lay aside the well- known work of the Geophysical Laboratory hie 
the system, CaQ- “Al, O, -Si0,.. Of course, errors may have been m made 
in the attempt to carry over this. work on pure components into the much a 
more complicated polycomponent cement, but at least any denial of such work ghee ing 
aust be accompanied by convincing eviderice.. By the principle of hydrolysis, 
therefore, these silicates, aluminates, and ferrites of lime would be decom- 
posed i in water into calcium hydroxide and either the oxides: of silica, alumina, 
and iron, » OF | a silicate, aluminate, and ferrite of lower lime content. — If the 
“water were continuously or intermittently removed, the end products would 
probably be hydrated silica, alumina, or ferric oxide. If the water were not 


the hydrolysis would be expected continue an 


by the dilution and the nature of the remaining “solid tng This latter 

‘has changed continuously by becoming less basic, so that the equilibrium ae: 

- Concentration of hydroxyl-ion to just counterbalance hydrolysis of the remain- 

ing material becomes less at each test. That is, the “alkalinity” should — 

become less at each test, which is the condition found by ‘the author. _ This ‘a oe 

“the state of the reaction at equilibrium. If equilibrium is not attained, th th 
re from a constant hydroxyl-ion ‘concentration would be even more ei 


hye Thus, in the data presented by the author, ‘there is nothing that is not 


earl comprehensible and ‘completely explainable ‘on the basis of the 

‘Teeognized laws and theories chemistry. ‘The injection ‘of a theory 
‘surface adsorption seems unnecessary and v unwarranted. 

-. Bignificance of the Void Test —In the p paper . much significance i is attached 

: to the void test. It is imperative, however, that an adequate method for the 
Measurement of voids be at hand before conclusions, may legitimately be 


| on the significance of the voids. The ‘method consists. in n taking 
the 
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‘WILLIAMS ON CORROSION oF ‘CONCRETE 
our old | euingle,: drying at 210 to 250° Fah A cooling, weighing 


in im water fo for periods of 5 min., hours, prem 4 hours, and reweigh- 
of voids i is | then ca calculated as the ratio. 


eae be It must be ‘realized that by < drying | to constant weight at temperatures up 
ae 250° Fahr., a considerable quantity of water will undoubtedly be lost by 
desorption, and that the wa er so lost will probably again be 
taken up on ‘submergence. Furthermore, the the wetter the original mix, ; 
(gteuter; presumably, will be the s surface | exposure, and 
il will be the quantity of water taken up in a limited period of time by these a 
processes, which is. the: condition observed by the author, 
Thus, the void test as described a appears to be of a 
factors including the water of wetting, hydration, and hydrolysis, as well a 
that which actually enters the voids. Methods previously described* avoid — 
ay ae iabese difficulties to a large extent, and Talbot has discussed at length the > 
fulness of the test, but none of these is referred to in the paper. 
Calcium Solubility I ndex _—The 2 author suggests a method for | determining 
ee _ whether any given concrete structure is continuing in a satisfactory ome ee iat 
ae ear or whether it is weakening and becoming unsafe or subject to rapid disintegra- 
Tey tion. The method consists of a determination of the “alkalinity” of a sample. 
Be In general, this becomes ac calculation of the uncarbonated lime in the sample. 
High “alkalinity”: means that the lime has not become carbonated. The 
author states that the “alkalinity” 3 in. from the surface should not be less 
ag than 200; and 4 to 3 in. from the surface, not less than 1200. The reason 
3 given Son, Ahsie.4 is that a high value indicates a concrete of such impervious ‘ 
ness that carbon dioxide cannot enter, while a low value e indicates a | porous 
;  & 2 _ This suggestion is interesting and should be properly tested. The experi- ‘ 
=i ie ments quoted are inadequate for basing any conclusions, but they seem to be ms 
‘eofficiently sugrestive to Warrant a carefully planned and comprehensive 
series, 
not only of structures being built, but structures subjected to exposure 01 over 
8 period of years, in order to observe any changes that may be taking place, “e 
yk ai _ Cone velusions—The foregoing remarks are intended to bring out the neces: 
Sty, of presenting searching confirmatory data whenever new theories or ideas 


are expressed. Progress in in science is best by the announcement of such 


‘in the soundness of the From this 


confidence will follow a more intelligent ‘application of its use by ne 


‘neers using cement and concrete for structural purposes | relieve, or at. least 


By 

; aa Soe. E., Proceedings, Am. Soc. for Testing Materials, Vol. 24 (1921), pp. 940 and 
gt ee t Prof. of ons Eng., Univ. of Saskatchewan, Saskatoon, Saskatchewan, Canada. 


M. ‘Ax: Soo. 0. E. (by. letter) doubt many engi- 


. N. Talbot, Past-President, Am. Soc. C, E., and, also, B. Richart, Assoc. u ee 
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have no question, the idea that Portland. in ‘hardening 

forms ¢ compounds: insoluble i in water. Portland cement is soluble has been 
- known for many years to engineers of the ‘Western States ‘and Canada who Pe ae 
- have been building, and observing the behavior of, concrete structures exposed - 

: to both fresh and | alkali waters. The greater part of the rapid pron nora 


- lfates, found in the ground- -waters, but there have been numerous examples Bat 


os the removal of lime from the mass and its deposition at the surface in the ee 
; orm of the carbonate by waters that have low salt contents and would not be — 


siobied to attack concrete of fair quality under normal conditions. of exposure. — 


Since 1906 numerous investigations have be been conducted and experiments 


3 ieade to determine how concrete of known quality is affected by exposure t 
- these abnormal conditions. vii Although broad and final conclusions cannot yet 

le drawn, the results of most experiments are in fairly close agreement. Tt 
- has been determined (a) that Portland cement concrete of good quality may 

be » disintegrated, due } to the breaking down of the cement; and (b) that — 
-concretes from fair to good quality aggregates the cement content 


cement content increases, permeability decreases. Generally these most alah 2 
impermeable concretes are high orh highest in | percentage of voids and lowest 


density. The mixture least permeable, ‘and most. ‘resistant to fresh_ or alkali 


water action, yet lowest i in density, is neat cement. T The mixture most perme- oe oe 
- able, least resistant to fresh or alkali water action, but highest i in n density, is hee 


a mixture, such as 1 : 2. 5: 5 or 1 : 3: 6. Mixtures leaner than these will 
usually show a decrease i in density a great increase in permeability depend- 


a ‘ing on the sand gradation, since the cement ‘content is 1 no longer sufficient to Ey : 
fil the pore space to the same ® proportional degree as in the richer mixes. hee 
Many technical “papers” on concrete refer to the necessity for obtaining 


high density or low porosity if water- tightness or high strength i is desired. 
eriterion for both strength and Water: tightness is is assumed to be density, 
_ it is generally ‘supposed that these desired qualities will be attained when ee 


cement, aggregates, and water are so proportioned as to have the highest — 


Le > 
. The writer: er believes that both 1 aboratory studies and field experiments are 
tn accord i in pointing to the conclusion that concretes, or the mortars in con- 
- eretes, of highest densities : are not those of highest strength or water- -tightness, ee 
with consequently greatest resistance t to deterioration, 2 and that there is little 
e or no relation between density of concrete or mortar and strength and imnper- 


The data to be presented seem to indicate, (a) that the method described : . 


the ‘author the density of mortar is unnecessarily laborious 
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tight ness. The apply the particular cement and 
gradings u used in these tests. mi loving 

ee Determination of D Density of Concrete and Mortar.—The e following, Be 

used in concrete laboratories for determining density, i is suggested 
as being simpler and more accurate than that based on absorption, as outlined e. 


the author. _gilgs ofdubie odt sad 
 Aamaine that it is is proposed to make a concrete of the proportion 1 : 15 3 


and that 1 materials having th the physical Properties: given nin Table 
are available. ‘Tt desired ‘to determine the quantity, of “cement, ‘required per 
cubic yard of ‘concrete, the density of the concrete, eo the density of y of the 
mortar i in the concrete. 


Weight bic foot, 


Since in ‘the it is more convenient to use the metric system, all 


“weights will be determined in grammes (Table 9) and volumes in, cubic: 


 centim ters. 
vessel having a ‘capacity ty o of 0.05 cu. ft. 417 cu. ¢m., 


net weight of this wet coneret 


Weight of1 417 cu, cm, = 3410. 


ty mardi eight of batch = 6 6050 grammes I es 
Then, in 0,05 cu. ft. there are: wit works 

0.568 X 1550 = 878 grammes of sand 
0.568 X 2940 = 1660 grammes of gravel. 


‘Batch we weigh ats, 


Water for required 


he 


be Computation of Cement per Cubic. Yard of od 


meee, "53 (grammes per pound) — 672 Ib. of cement per cu. yd. in wet concrete. 
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son on the: flowability. A good od average value 
be or 3 ‘per cents 38 pdt bot 


‘Computation | of Density y of Concrete — od 


a 180, 5 cu. ‘cement i in 05 cu. ft. 
u. ft. 
= 623.0 cu. cm. _ occupied by gravel ir in 0. 05 cu.ft. ‘ui 
5 cu. cm. = volume of solids in 1 417 cu. cm. oe oe 
or solidity ratio of concrete = = 
m of Density of Mortar in O in Conerete.— 
Voids in in ‘mortar = 417. 
Volume of mortar in concrete = = 
ds in mortar = 0.859, 


1.000 


- the method to field operations is dependent on the pio of — "4 
In Fig. 13 the of ment coment and mortars are for diferent 
proportions of cement to aggregate and for the ) range of consistencies needed Mes 
practice. Flowability was measured by 1 means of the flow- table, flow 
value of 150 represents a sticky plastic mass that spreads sluggishly, whilea 
_ flowability of 250 represents as wet a mixture as generally need be used in 
_ construction work where a reasonable amount of spading and tamping is done. a 
It will be noted that the porosity increases or the density decreases as the — ee 
content increases. The rich mixtures” are most porous but s stronger and 
impermeable than the lean mixtures. These results would indicate that 
mortars containing no coarse eggregate, strength and impermeability, 
Consequently durability, vary inversely with density. 
In concretes s the density variations are not so gisat ‘asin mortars and the 
values are influenced by other factors, such as s relative quantities of fine an Sieg 
coarse aggregate. In Table 10 are grouped concretes v varying in 
“tent per cubic yard from 356 to 667 lb.—as great a range as is usually found ee 


Practice: ‘sand- l-gravel ra ratios wer ‘used, 1: 2 and 1: :1. ‘Densities of 


mining densities by the abeorption test as outlined by the author. ‘As swoild 
the absorption method and lower voids 
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ease in a comparison the concretes of 1:2 sand- “gravel ratio are 


cig au _ Comparing the computed voids, the increase of flowability 4 from 206 to 281 
once n the 1:15 :8 mixture makes a far greater increase i in voids than does | the | 
reduction. of cement content to that of the 1:8:6 mix Folds ee: 
absorption indicate that same change in flowability affects the voids 
as greatly as s the reduction in “cement content to that of the 1: 8: 6 mix, 
Permeability and strength tests in the laboratory as well as field ‘exposure tests 
would indicate the 5: 3 proportions: "to be the yet the 


‘sity results indicate little choice. 
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again, selection based on voids. suggest that the lean n 
are as desirable as the rich, contrary to tests and experience. 


third comparison, that of 1:2 sand-gravel coneretes with those | 


-'1s: Lratios, indicates wider differences i in voids for equal cement contents than 
is found in any one group between the richest and the leanest. _ Laboratory 


ia tests of concrete of these sand-gravel ratios indicate little difference between 
permeabilities and strengths of concretes of equal cement content and flow- 


j 


ote 


abi The void contents of ae mortars listed in Table 10 indicate little variation 
d 1:3, based on for com- 
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puted values the iene mixtures would be favored: ¥ Neat cement, based on . 
the void content, i is less desirable than a 1: 3 mortar mixture. It would, also 4 


Cement per 
cubic yard, 


‘Test data obtained i in 2 the writer’s concrete laboratory since 1920 have © com 
crete quality. The richest and best concretes from every viewpoint 
lightly lower densities than | lean mixtures, which are low in strength and 
which have a short life when | exposed to alkaline soil waters, i All evidence — 
has pointed toward the importance of impermeability or low permeability o 
_ the quality to be sought where the best concretes must be used, Fo rtunately, 


permeability decreases, although ‘not necessarily proportionally, as the cement — 


Sistently pointed ou ut that li little or ‘elation exists between ensity ‘and con 


and ‘strength increase a: and, within the fairly wide necessary 


Cement per 
cubic yard,in | 


perienced with some eof 


the earlier types es of writer "devised the arrange- 


shown in Fig. 14. operation the placing and adjusting of the test 


specimen is as ea easy and r rapid as the placing of a book in the old style lett 


copying press. The test specimen may be removed and replaced as often as Kd 
desired for further tests without injury. — Fig. 14 shows a ‘specimen be being 
tested qualitatively, the time interval required for ‘moisture | to show 0 n the 


upper face e being 8 measure of the permeability. i Tf quantitative results are 
desired a second base cas casting | gasket ma may take the place > of the fo 
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may be caught below in ‘a graduated container that takes the’ place of oe 
water feed pipe e in Fig. 14. The U-shaped rubber gasket is effective in| a 
‘venting all leakage. Test specimens are always cast on edge with the large 


surfaces in contact with the sides of ‘the form, \ which" eliminates errors and 4 


‘variations due to excessive troweling. 


12% 2%" 
Molded on edge 


228" bift tot, 


Density of Cement Paste’in Mortar ond Concrete: The foregoing te tent 
ok results would indicate that t density of concrete and density of mortar in cont 


do not vary y directly with their strencth and impermeability, éo that 


Table 18 that there may be a a relation of and ‘value 
. the density of the cement paste in a mortar or concrete and the qualities ‘of = ne 
strength, water-tightness, and resistance to deterioration. Evidently, density 
cement paste varies directly, although not proportionally, with” ies 

- qualities, . Whether o1 or not slight changes in this density will always = 

changes * strength, even for the eame materials, will require many mete 

tests than the writer has made, but the few values given in Table 18 show how 
» the factor variés for the particular “aggregates” ‘used. It is easy to rank Poin 

mixtures in order of strength and -impermeability without further tests 80 
far as the groups are concerne . The neat eertient should head 
the list it has “highest cement paste density. The mortars” should 
rank i en but thes strength values would bear a greater rs ratio 
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DRAFFIN on CORROSION OF 


13 Density OF Paste Mosman AND 


‘It is further ‘will show n no correlation between the 
: ensity of cement paste and the strength and other properties of concretes — 
; = and mortars, which \ will make e this re relation | of practical use or permit of its 
* general application ; ; but it would seem that this is the one “density” of a 
three which may prove tol be of value. This can only be computed 


tically fro from the absorption test. ‘ 


JASPER O. Daarrin, * Assoo. M. Au. Soo. (by letter) this 


lent } ‘paper the cause of the corrosion of concrete is anaes and a method of 4 


“test for porosity. It is ‘claimed that | porosity. is the 
n ‘the of conerete, The paper should 1 attract the atten on of 
_ two classes of engineers, those who are interested in a greater knowledge of 
the basic action. of the different compounds in Portland cement concrete, and 
those who are interested i in knowing why one piece of concrete will go to 
pieces: and another, apparently quite similar, will give good service. Rela- 
tively more progress has been made in the study of | the strength of concrete 
and of the factors which affect that strength than of the elements which afiest ‘ 
its durability. Many | structures have suffered serious deterioration as a result 
of this lack of knowledge. This paper, which treats of the durability of con- 
rete, » and of the different conditions which | it, should 
careful thought of engineers and investigators. 
The theory presented is based on the hypothesis that the hydration { of a 
rtland cement produces | calcium hydroxide which is later changed into 
aa carbonate by the carbon dioxide in the air. ‘This calcium carbonate 
- imereases. the. strength of the concrete but ‘under . certain conditions it may 
be dissolved by water and thus leave the concrete porous and veshenstes The 
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ON CORROSION OF CON 
wo protection against the formation and. solution 
the calcium carbonate are the aluminum and silicon hydroxides and the eteg- 
layers of air, both of which prevent the entrance 0 of carbon dioxide a and 
water. For this purpose the aluminum hydroxide is more ‘effective ‘than 1 the 
silicon hydroxide. ‘The degree to which these protective layers have ben 
effective may be measured by the of the concrete. 
This hypothesis at once raises @ question regarding the compounds formed 

the hydration of Portland ‘cement. ‘The author | makes no dogmati 

statements concerning the hydration of Portland cement and in view of the 
present state of knowledge this is probably wise.’ It is not stated which of 
various compounds in Portland cement produce calcium hydroxide although 

it may be inferred from the context that all of them do 80. 4 may be well Boat 


to state the present fairly well concerning the 


AX 


tri-calcium aluminate, -di- silicate, and tri- -ealcium ‘Klein: 


and Phillips, * working pure concluded that these compounds 


: Tri-calcium aluminate hydrates to h 
forms first as an amorphous ydrated aluminate and later crystallizes; the 
 erystals have the approximate formula, Al,O, 9H,0. Calcium hydroxide 


Tri- -saleium silicate hydrates to calcium hydroxide a1 and hydrated | silica. 


-caleium | silicate hydrates very slowly and to an amorphous 
but no > calcium hydroxide i is formed. 


Ef: Mesers. Klein and Phillips further state that the hydration of Portland 
et gives the same products in a general way and it also gives cal ium 
-aluminate crystals, due to to the calcium sulfate in the cement. — i 
2 ~The writer has made some microscopic studies | of the hydration | 
ex pure constituents and in a general way his observations agree with 
those of Klein and Phillips just outlined. -di- calcium silicate showed only 
slight hydration after fifteen months and no calcium. hydroxide | could 
detected. . Tri- calcium Silicate gave abundant crystals of calcium hydroxide; 
and the calcium aluminates, both low and high vealcium, gave n calci um he 


dies were made by placing a small quantity of the substance 
th oy yo mixing with an excess of water, ‘covering with a cover glass, and 
sealing around the edges with Canada balsam. ealcium hydroxide which 
formed from the tri-calcium silicate began to go back in solution in about 
ten days and the re-solution was complete i in about two months, leaving only : 
the outlines to show where the crystals had been. As the hydrated tri-caleium a: 
a Silicate was sealed from the air, there could hardly have been enough carbon 
dioxide in the “mixing water to change the calcium hydroxide into 


and continued observation showed calcium carbonate was 
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In view of these cbeurvailons there might seem 1 to bas some wii 


> validity of ‘the assumption “concerning ‘the formation and’ 


The em phasis on ‘the. a dense. th timely, Writers 
n the past have pointed out the same thing but it needs reiteration <a 
« - different points of view. Nathan ©. J ohnson, Assoc. M Am. | Soe. O, Ra 
‘study of defective concrete,* attributes the “disintegration”: to. ‘the 
of “crystallin: dikes” which by. their faaer disrupt the conerete.. Although 
rac er - of ‘the: action which produces the disruption is not the same, 
according. to the views held by Mr. Johnson | and Mr, Baylis, they agree in 
one ‘important particular, that of the for dense concrete. Mr. Johnson 
“ 
a states that “ the problem of making durable concrete for all services is essen < 
in recent ‘discussions: It is assertedt that ‘thie’ 
¢aleium Bilicate in cement largely governs the quality of the cement;’ 


cement will be better with a “large proportion of tri- -caleium silicate. 


Pa 


“that only tri-caleium ‘silicate produces calcium ‘as stated 
Klein and Phillips,t it would appear that the condition ‘for iis maximum strength 
is that for minimum resistance to corrosion, so far as chemical composition i ie 
concerned, because high strength requires tri-calcium silicate, ¥ which would 
much calcium hydroxide to change into ‘the carbonate and dissolve: 
the: which ‘shall produce the maximum m value of any gi 


ven prop- 
erty. not | be if further the fact, that a 


that bring: out a series of cements 

: 


(by letter). Not so many years ago an air 


PERE: 


“mystery was thrown about the manufacture and composition of Portland 

cement. To-day, although much research is under way, probably less is : own 

bout the chemistry of Portland cement than of any other of the important — 
materials of ‘construction, This lack of knowledge of the reaction and prop: 
erties: of Portland cement has led engineers to put the material to 


_ impossi ible uses, or tor proper ‘uses without the obvious safeguards. Many types 


"The Microstructure of Concrete, via Proceedings, Am. Soc. for Testing Materials, 
 “Lime-Silica Index as a Measure. Cement Quality,” by Th 
‘Soc. C. E., Engineering News-Record, April 22, 1926, pp. 648-65 
t Technologic Paper No. 48, U. 8. Bureau of Standards. 
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steel are easily rusted. think exposing’ tm 


‘gteel of a bridge, for instance, to the elements, yet for years engineers have 28 


_ given no thought of protecting concrete surfaces from the numerous corrosive -: sore 
agencies that obviously will bring about serious weakening or ‘even n destruction — 


Baylis’ paper comes at an 1 opportune time’ when engineers 
a 


‘His advice, given in the section, n, “What to Do” (page 818), should be co wal 
_ ‘sidered by all who have anything to do with Portland cement. 
As far as the writer is aware, Mr. Baylis is the first to ‘set forth: ‘elearly 


‘the part played by carbon dioxide in “the hardening ‘and aging of Portland 


cement concrete. tt is evident that up toa certain point the formation of 
- 


BL 


3 - hydroxide, i is beneficial to concrete; for as Mr. Baylis indicates, this results te 


i's decrease of “porosity. ‘Other reactions, not discussed by Mr. Baylis, are 
: ‘not beneficial and are known to take place in concrete under certain well 


‘ 


When a conerete : structure is exposed to mo dioxide, 
4 condition develops whereby ‘normal calcium carbonate is ek followed 
by the Stange to the of calcium, the latter being ‘Telatively very 
soluble. The solubility of calcium n the of bicarbonate is grea 
Gnereased if ths water carries pore organic matter. _ All natural ground- 
waters, | 


and thus are corrosive to concrete through the bicarbonate ‘Yeaction: inate (f 
'' Calcium carbonate can occur in three forms, each differing from the other 
in density in resistance Corrosive: agencies, these forms being calcite, 
aragonite, ‘and chalk. first two ¢ are crystalline and’ the last amorphous. 
4 is” probable that “hair-cracking” and spalling of concrete surfaces are 
 gaused by volume changes. in the surface layer of the concrete, r resulting 
‘the formation of calcium carbonate and the subsequent reversion of an unstabl 
form to the stable form. i is known that after 15 to 20 years, stresses: of 
thousands of pounds | per square inch develop i in the shatenelagile 4 of concrete 
structures when such surface is exposed to the action of carbon dioxide under — 


The writer's experience of nearly twenty-five years in the ) manufacture and 


ium carbonate, thr rough the interaction “of carbon dioxide a nd calcium oS 


be ‘made, ‘which will x not. be ‘seriously. affected by the numerous corrosive 
agencies | that are causing damage to Portland cement concrete: Such. special 
cements are now being made in a small. way and will be 


is. a development of the last twenty-five ‘years and d has b been devised 
a with: the end in view of securing the m maximum physical strength i in the ) shortest — 
a possible time, No thought has been given to the resistance of the cement to 


the corrosive to which all structures's are 
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natural agencies. Benson and others* were the first. to point out the 
bility of : modern Portland « cement in water. 


as compared with modern ‘Semele Portland cement. 


Engineers lc ong ago ‘gave up the idea of limiting their specifications to 
Need one type of ahs compound. . Nowadays, cast iron, wrought i iron, high and 
low carbon steels, alloy ‘Steels, ete. , are ‘specified : for the particular class of 


“service to | which each is adapted. In the same manner, the writer is certain 


} ae mA that in the future several distinct types of calcium compounds will be specified — ke? 
for different classes of work that call f for the u use of a hydraulic cement conerete. 


M. Am. Soo. 0. E (by letter).— -—One of the 


a principal uses ¢ of Portland cement concrete is in street and high way con 
tion; consequently, any paper on the ‘corrosion of concrete has a very | direct. : 
bearing on this phase of engineering 

bids pine tg it has generally been supposed— the idea having been blatantly 


shouted from the paid pages 0: of the ) press—that 1 the strength of Portland cement —— 


nerete increases as it ages. In recent ‘years, however, an ‘extension of the 
use of this ‘material as a road | surface has been accompanied by a series of : i 


20 


failures, » the fejbares taking place i in a comparatively short time fter the roads 
were open to “traffic. Sometimes they been attributed to ‘causes not 


inherent i in od concrete, the principal on ones being: (1) Inadequate thickness; 


cee insufficient cement; ; (8) improper aggregate as to quality or - grading; () 
‘too much or too, little water in the mixture; (5) the presence 0 of organic 
"matter in the aggrega (6) poor workmanship; and (7) improper 
a Wherever first-class materials are used mn the pavement has been laid to 
crete | to continue to ‘maintain its. ‘original | strength during successive years of 
oad traffic has seldom been questioned by investigators into these failures; for — Ee: 
 aielin entered into their studies with the premise that ‘Portland 
cement concrete in. a road, when constructed ‘according to approved specifica- 
& tions and of sufficient thickness, will not deteriorate as it ages. — <0 ; 
are two. main reasons why such a premise is erroneous: 
Portland cement ‘concrete is subject to a change it in its 
under impact of road traffic—the ‘phenomenon known as “fatigue”. 
—There is a chemical change in Portland ‘as it 


ages (which is ably described in this paper), 


As to fatigue, independent of the well- known chemical | change and deteri- — 
ration due to the presence of sulfur or alkaline salts (of common ‘oceurren 
in py omcony or seepage water in many localities) which are drawn into the — 
nm, there is the phenomenon of fatigue which 
“Solubility of Portland Cement in Weathering Agents,” by H. Benson, 8. ‘Herrick, 
and T. Matsumoto, Industrial and Engineering Chemistry, Vol. 16, 1824, 108 
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rigid masses to become weaker i in structural st strength 
jarring and impact. (The well- -known crystallization of steel in a car axle 
is ak skin to the breaking down of the rigid mass of ‘Portland cement conerete 4 We 
ine road surface by “fatigue”. “pga” ef pe 


_The ‘Phenomeno of “fatigue” is touched on ‘in an _ important series of 


* made i in n collaboration with the U. Ss. _ Bureau ‘of Publie Roads on 638 


cores test cylinders which had been drilled from apparently sound 
of California S State highways, the sections from which these | cores were taken 


EP totaling 800 miles. _ These toads had been under traffic from 1 ‘to 7 years an 
4 the cores were tested for crushing strength. The record of testa indicated, 3a 
that both 1:2:4 and 1 5 concrete mixtures w when laid to thicknesses of 
4 to 5 in., became weaker as the pavement aged, which fact is shown by: the 
t th of the cores tested, 
eg year old ‘erushing’ strength, 3800 Ib. p per in. Hg 


Thaw recorded tests indicate that notwithstanding the fact that concrete 
4 is known to increase in strength when it is undisturbed, the actual tests of — 


_ the cores of concrete taken from sound sections indicate | a weakening as it a 


Exeept for ‘deterioration due to in soils, or du due to chemical 


ages. 


ly impact, causing t the concrete to approach each year nearer t the * 

fatigue” and final breaking down of the structure. pit silage 

drawing conelusions from these tests, the report two important 


* a 


: concrete laid during the various years indicates that there may be a slow 
progressive deterioration in the concrete itself or ‘fatigue’ in a thin slab_ i 
_ _ *2.There is * * * a question as to whether or not the concrete may 


q be slowly deteriorating, but this condition has not been conclusively proven. ie ; 
conditions by disinterested road engineers. W. Calder, Chairman of 
Roads Board, Victoria, Australia, in his report (March, 1925) to the Minister — 
_ of Public Works, Australia, on his investigation of road problems in Europe : 


Report of Study of California Highway System to Callforaia State Commis- 
flon, by U. S. Bureau of Public Roads, 1922000 


— 
— 
= 
— 
tm 
— 
4 
il 
— 
— 
— 
— 
— 
— 
i= 


merica, the following pertinent statements: to the 


onrete in road construction: 
.“1—While a great deal of knowledge has been gained during the. Past i 
ecade as to Portland cement concrete, a great deal has yet to be learned and a 
cannot be definitely stated that the science of conerete road building has 44 . 


assed its experimental stage or that approved standards of desi 


ag 


~~ 


not 
‘suitable, for roads subject to any amount of traffic, 
under which their surface will rapidly disintegrate. _ AT 
—The exaggerated statements of their (Portland ¢ cement concrete pave- 
ments) durability are not justified by their service value. * * * of conerete 
pavements completed up to 1924 only eight (8) per cent. ‘were | over ten years’ 
_ old and only one-quarter (2) of one (1) per cent. were fifteen years old 4 
Concrete roads are prone to temperature changes which. would 
the conclusion that 1 their ‘greatest 1 utility i is that of a for 
While mileage of concrete roads has been now 
peti ane constructed in Great Britain, it cannot be said that concrete has been + 
‘ adopted as a standard road surface material in that country and the majority se 


= 


of British engineers consider that the proper function of concrete is to serve o 
“5.—Impact is relatively non-important, but continued impact or repetition 
he, of heavy traffic blows in great numbers will disintegrate any slab—particu- = ra 


Tatty where flexure Traffic on concrete roads should be rubber-tired.”” 


This paper opens up up an important field for further research in order that 
; c ‘the limitations of concrete may be realized and that “millions of dollars which a 
to be ‘spent on repairs: and replacements within the next decade? 
stated by ‘Mr. Baylis, may be minimized. re ta 
Daurox G. Muer,* Ese. (by letter).—The method for the “Measurement, 
_ of Mortar and of Voids in It”, as suggested (page 806) to determine the ie 
quality of concrete for resistance t to “corrosion” as interesting and the results, 
obtained by this method, when carefully | interpreted, should have 
‘The x method is, however, rather tedious of application and in this 
‘respect, when applied to freshly 1 made -conerete, h has perhaps” little advantage 
a atraight permeability test made on specially. prepared specimens. 
is believed that a permeability test, , properly made, has an advantage over 
any aggregate test of furnishing a more direct index of the actual resis nee es 
a concrete to “corrosion”; for the desired. end, after all, is to produce acon; 
; ete may be there are at least two ‘other 
on. ia, given in practice, each of which may 
a very y far- reaching influence ce on the durability of concrete, regardless 


of quality, under special conditions of exposure. of is the duray 
only be men- 


toned here, is the curing of the conerete,.. ish 


aes _ Work in the Co-Operative Drain-Tile Laboratory at St. Paul, Minn., has 
“shown that there is a wide difference among Portland cements im resistance 


* Drainage Engr., Bureau of Public Roads, U. §. Department of Agriculture, in Charge A te 
f Co-Operative Drain Tile at St. Paul 
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te the action of the sulfate of magnesium and sodi . This difference is so 
great as to warrant the conclusion that certain standard Portland cements, — 
- passing all physical and chemical requirements, may be wholly unsuited for 
use in sulfate waters although satisfactory for ordinary purposes Sidinetts - 
_ making. Such being the case, it may : make little difference in the final results” E 
whether the concrete is well made, or otherwise, if exposed to sulfate waters, 
unless the particular cement used is at least of average resistance. - This point 
is brought out in ‘Table 14, showing results of tests of cylinders. in which 
_ twelve different brands of cement were used. 
The x mix in all cases was 1:3 by volume and the aggregate was graded 
a to have a fineness modulus of 4. 67, the largest ‘pebbles passing a #-in. screen. é 
‘The water-ratio was kept at 0.60 in all cases except in Series Nos. 268 » 269, 
and 278, in which it was 0.62, and Series No. 275, in which it, was 0.67. 
All cy linders were cured for 24 hours i in the moist closet followed by 20 days 
in distilled water, and when n 21 days old were 


the check cylinders, which were | stored in tap-v Urs 


TABLE 14.—Srrencre | AND ABSORPTION or Concrete Mise OF 
Dirrerent Branps or Portianp Cement anp Retative Resistance 
To 1 Per Cent. or Soprum Suurate ), 
INDICATED BY AT 1 Year. 


Compression Tests,inPounds | 
perSquareInch - | Percentage of 
strength ratio 


» 
890 4 610 


40 bess 
4 


‘The mortar of the tested for voids by the’ method outli 


Mr. Baylis gave 23.9%, based on tests of a 2 by 4-in. -eylinder, and 21.7% 
based on tests of a4 by 8- 8-in. cylinder, both of these results coming well below 


4 the suggested maximum of 28 per cent. These tesults, taken in connéction 

with the results: of absorption tests at 21° days and compression vat 
days, 28 days, and 1 year, would indicate that the conerete itself when 
® “was satisfactory and that the difference in the results of tests ‘of these — oN 
: after one year’s ‘exposure was due entirely to = 
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No 1-year tests are recorded for the eylinders of Series Nos. 2 278, 274, and 
stored. thé sulfate solutions, for the reason that these cylinders 


had completely disintegrated. Cylinders from Series | No. 273 when tested at 


pokes 
The cylinders in this group are now (August, 1926) 19 months old 0 
those of Series Nos. 262 to 265, 267 to 269, and’ 275 show little more evidence ftom 
of action than ‘they did at 1 year. At 2 years all the cylinders may show a mate 
= ar ae loss of ‘strength ¢ as compared with the 1-year tests, ‘but at pi present there is ¢ every = 
reason to believe that at least some of the series will test wate 
compared with 81% of normal strength at 32 weeks, as was the ca case 
No. 272, in which Cement No. 62 was used, the wide difference 
Attention is called to ‘the fact that none ‘of these: cylinders had | | any 
hardening previous to exp sure to these sulfate solutions. This accounts fi oe 
gp s to exposure ‘te 8 
fact that deterioration has been 80 rapid. As they were all treated simi- 
a. or larly, however, the comparative results form a fair basis of judging the relative 
Gs _ resistance of the cements used in this work. Such being the case the necessity < ae 
of consideri ring the ‘cement itself, as as the grading of the the aggregate for 


_ thought- provoking on ‘several lines and is deserving of careful study by all 
eagincers interested in in permanent concrete. ~The author’s- emphasis on the 


significance of porosity in the resistance of concrete to weathering is tobe 


‘The writer believes, however, that the value of Mr. Baylis’ 
oR this latter subject will be somewhat obscured by the proposals for a new 

size as the dividing line between the fine and coarse aggregate ‘and fora. 


The matter of the dividing | size and cos coarse aggregate does not 
ee seem to be of (major inpestance 4 and emphasizing it, as Mr. Baylis h has done, 

detracts from his more important theme—porosity. ‘The ‘proposed test ‘for 4 
density, offered as a solution of an important problem, can be shown to be 

auite ‘unnecessary, as the information desired can obtained in a a simpler 
The writer believes that the a author has been to both his proposals % 


through the conception of concrete as consisting of ¢ coarse aggregate, in 


Fo or a a long time, the writer held. this same conception of thd 
ee it | very useful i in clarifying some of the problems of concrete mixtures. A real 


nding of the. significance o of density” and porosity was not had, | how 
ever, until the aggregates were thought of as a single mixture thoroughly a 
¥ incorporated in a cement paste. Under this conception, the quality of the 


- eonerete is seen to be determined by the quality of the paste that binds the AY 
—— of aggregate together. Also, the proportions of fine and coarse ote 


Structural and Technical Bureau, Portland Assoc. » Chicago, Til. 
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gate and the relative amounts of aggregate and paste are at once recognized — 
s purely | questions of economy when concrete i is considered in this light. 
‘Abrams’ studies leading to his law based on the relation between the water- 
— ratio and strength and his subsequent investigations, as well as ‘those i 
by other er investigators, have e clearly established that the strength of concrete 
from a plastic mix is a function only of the water-cement ratio for given 
materials and conditions of of test. A study of the results of Professor Withey’s* — : 


tests of permeability shows unmistakably ‘the preponderant influence of the | 


tion of density and porosity in the hope of finding a a of the inter-— 
felation of the various factors that would not only correlate present knowl- 
edge, but would make el clear the paths for further it improvement im concrete a 
es practice. The conception already given is the result of this study. at 


TF 


15.—DENsITy of Concrers or ConsTANT 


Ratio, 64% GALLONS PER Sack, ALL Mixes BEING ON 
‘Basis oF Dry Compact AGGREGATES. 


what this means in ‘the of conerete 


Tastitute, Ti. Fig. Ba are shown the data a number of mixes 
‘in which the water-c “cement ri ratio was 63 gal. per sack of cement. The sc eale of 

9 abscissas is of no significance, the mixes being arranged at equal intervals in ae gt 
‘the order of their densities. The ordinates to the diagram represent 

tionate pa: parts of the whole volume of concrete occupied by the different ingre- 
These proportions are in terms of absolute volumes. ‘Fig. 16 represents 

ina miler manner | the data for two mixes ces, 1: 15:8 and 1: 33: 4, carried thapogh 


“Permeability Tests on Broken Stone Conerete,” by Morton O. Withey, assisted hy 
«Chris: A. Bulletin 1245, Univ. of Wisconsin, Madison, Wis. 
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omy. 
the test fesults, except as to the quantity of combined water. /This i is anarbi- 
trary quantity selected only as an illustration. The test specimens had been fe 


broken | some m: months before this method of analyzing mixtures was -coneeived | 
-—-sorthat it was not possible to determine this factor. The proportion of com 
bined water shown on Figs. 15 and 16 is, taken as 0.3 of the absolute yo * 


of the cement or about 10% by weight. It can b be shown that ‘the | 


water can vary anywhere from little or nothing to two or mare, Sine 


quantity indicated in these diagrams, the exa xact quantity. depending. on the 


ses It will. be apparent at once from the foregoing that the essential oly | 

concrete is governed by the relative quantities of cement, combined water, 

on free water in the paste, the part played by the aggregates being largely — 
that of the cost. what follows brief mention will be made of 


_ It is not so obvious, ai none the less true, as can be shown by ample test 


that for plastic > mixes the sum of the absolute volumes of 
used, including the 1 water ‘(corrected for absorption and loss in manipulation), 


: s exactly equals the quantity of concrete produced. - In all the mixes in Figs. 15 
8 and 16 and in many others tried in this: study, when the absorption in the : 


Fe 

i, aggregates w was taken into account the yiel computed in n this manner agreed 
within very smal] margin with the yield determined in the usual “manner 

the he weights o of the test specimens at 24 hours. This, small ‘difference in 


settling out during t the first t few hours. It ‘Should | be noted that, for mixes 
Pe that are not plastic, when the absolute ip Vi added in this manner the 1% 


we 


ae sum is found to be lees than the original volume of the mixed aggregate, i 


f Concrete 


3 
0 40 6.3 


Water 
| 


i“ ian of the material entering the mixture is of importance in this discus ei 
sion for two reasons: First, it t materially clarifies the conception of concrete 
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computation it it is 
consists” of, an aggregate mass. thoroughly incorporated in a cement 
guste, and, further, that the quality of the cement paste is seen to be inti- 
“nately | associated with the quantity of water; and, second, it is this fact that — 


: 
takes the density test proposed by Mr. Baylis an unnecessary requirement. 
if one of ‘the mixes indicated in Fig. ‘15: he. subjested: to ‘the proposed: 
6 


- determine the voids, if completely carried out, steal require this same quantity. 

ater. All that the test accomplishes, therefore, is, in effect, a determina- 
of the quantity of combined water. The quantity combined at the end of 
i hours probably does not represent the total to be expected when the structure feu 

i is put into service, if , if the curing is at all favorable. . This test, therefore, may ’ oa 


be wholly misleading, and the simple ‘computation of density, assuming al 

probable value of combined water, would be more ‘Teliable. Jad} 

Unfortunately, the author did not give the ‘quantity of water used in the 

the of his test 80 that a comparinee 
4 


cu. em.) wh i 20% of water giv giv 


oe « and an absolute e volume of 52. 3 cu. .em. Table t 5 does not show the 


respective ‘amounts of material used, but by proportion it is seen - that the 
pana. of hardened paste ees @)) would have an original weight, as 


This” weight, it will be ‘noted, 


? 
hardened sample a ter being ‘submerged for 


a 11.4 ¢ cu. cm. of water used d (in 80 cu. cm. ¢ of pomye cu. cm. has gone J 
) ito combination v with the ¢ cement a and the remainder is free to “evaporate, 
leaving its volume in voids. This ediabined : water is 8. 2% of the cement by 
weight. - This actual test is no doubt more accurate in this instance (after 2 “ss 


a months of curing) than an estimate as to the quantity of combined water, We 


computations . for the other mixes in Table 5 give the same close. agreement. 
a between | the original | weight of fresh paste and the weight after being sub- 
3 _ merged 24 hours. In like tests made for the writer a similar small elie Bn 


was 8 found. This was largely aceounted for by the loss. due, to; a slight film 


of, water forming at the top of the mixture, add % 
othe real ‘Significance of the analysis of concrete mixes shown by Figs. 
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qf by absolute volume of the cement. ring the be rs tee aa 
© steorption test the remainder of the free water would be driven off and the 
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of concrete that the attention: of many indi 
viduals for several years past. In all these studies grading of the aggregates or ah 
subjects: closely related to grading have been the central theme. In Fig 5 


is seen that for a fixed water-cement ratio the sum of the absolute volumes. 


- because the | quantity of coarse aggregate wi was less than the fine. t might be 

pointed out that a diagram including all fifteen mixes is wail similar rend fs 
only extends the range of densities from 0.75 for the 1:2:1 = at one e end 

to. 0.85 for the 1:2:5 at theother. 

| It-dis-the narrow ‘Tange in possible densities (sum of the absolute volumes’ 
egate and cement) that has impressed all students of the ‘problem, the 

desire being, of course, to increase the density and thus reduce the porosity, — 

In n his discussion Professor Williams has pointed out has been well 

: ‘known, that increased cement content contributed both greater strength an ad 
impermeability, and yet gave lower density. Professor Williams has failed 

to. point out, however, why increased cement content increased both strength 

aa resistance to the passage of water. The reason is that, for a given 

x workability, the richer mixes require lower water- “cement ratios. The differ- 

nces in workability of the mixes in Fig. 15, ‘indicated by the slumps at the 

top, should not be allowed to escape notice. 


TABLE 15—Denstry or Concrete or Constant Stump 5 10 4.5 Tc? 


PROPORTION OF Tora. Voiume 
ov CONCRETE BY Yo aires 


Absolate ¥ “inches. yardot 
volume te | | i concrete. 
“aggregate 

plus cement. 


wee 


By redueing an cement ratio these richer mixes would give some 
what higher densities, thus improving ‘the: concrete both through the lower 
water-cement ratio and the increased density. . Table 15 shows the data from é Ba 
‘3 this same series of tests for mixes having about the same workability. gh Since 
rises in these tests the water ratios and mixes were fixed it is not possible to compare 
23 Re mixes having exactly the same slump. It will be seen from Table 15, however, BS 


for all mixes having about the same degree of the are 


— 
this 
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CMILEAN ON CORROSION 

. of the foregoing considerations, it must be apparent that the hope 
FP; further improvement in concrete practice does not lie in minute veonsiders- 


= of aggregate | grading, but r rather i in | the selection of proper caceed 
a 


- gatios, in increased curing, and in extracting in 8 some manner the excess water, 
r the needs only a glance at Figs. 15 and | 16 


the of increasing both the strength and | density, first: 


Neither of these proposed methods of improvement is visionary. Both — 


rs strength and impermeability have been shown t to be greatly improved by longer 


: curing. Professor Withey’ conclusions are particularly emphatic in this 
respect. Abrams* has shown the importance of curing on both the strength 
absorption. The following comparison is taken from these test t results, 
ie a 1:4 concrete tested at 4 months, a a water- cement ratio o of 8. 


sack when cured wet for 21 days 


E cement ratio of 5.75 gal. per | sack cured wet for only 3 days. . Also, the 2 absorp- ane 
E he in a period of 24 Route Lage 0 of. concrete, 1 year) was almost identical for eS 


8.25 5 gal. per 


‘For an example of the extraction of water from the freshly paced concrete 


increase both strength a nd resistance to wear or weather, | 


cago, “This piece of statuary by Taft was built of 
: crete by Mr. John J. Earley in 1922. 2. It is remarkable in that the thin sec-° 


tions and sharp p protruding members and edges are as perfect to-day as when 
P they were built, The essential feature of Mr. Earley’s methodt is the use of a 


porous back form which extracts the water from shinee as it is being 


To summarize these it seems that of concrete as an 
“aggregate mass thoroughly incorporated in a cement paste well explains i 
present-day knowledge of -conerete mixtures and gives a clear understanding 
_ of the paths open for future progress. By this conception it is seen that the = 
_ strength and endurance of concrete as it is now made are largely ¢ determined oe 


by the e water-c -cement ratio of the paste and the extent of the curing. The 
_ grading of the aggregates, when the concrete is mixed with a fixed water-cement 
; - Tatio, i is — a question of economy, offering little opportun nity for fur- 


= _ © “Effect of Curing Condition on the Wear and Strength of Concrete,” by D. 

M. Am. Soc. C. E., Bulletin 2, Structural Materials Research Laboratory, 


= t See “Bening the Fountain of Time,” by John J. ‘washe. Proceedings, Am. Concrete Ae tt 
wat 


— 
plastic and in a condition to consolidate as the 
— 
wet for days. When both these concretes were cure 
— 
- 
acrete from which water was extracted as it 


freshly placed concrete. 

Natuan ©. Jounson,* Assoc Aq. Soo. 0. E. 
‘sion or ‘isin tegration of concrete 1 is t time an sul ject 18 0 


ity 


with ‘papers on 


design and ‘reports. of laboratory ‘procedures with deductions therefrom, but 
there has been a dearth of papers on things : as ‘they 1 really a are ae 
‘ eee Si It is regrettable that all corrosions or disintegrations of concrete are loosely 0 


failures”. The ‘study o of disintegrations in commercial structures is 
; 79 possib] ly the best and most informative of all studies of concrete as a material — a re 
that could be undertaken. Yet the subject has been neglected, partly because 
Pa ents of the persistent use of the undeserved term “failures” and partly because, in — 
refle, any dissertation on failure offends the innate philosophy of the Amer- a 


a ican mind, which demands ‘successes as a steady diet, both in its ‘work: apd 


“a sane study of disintegrations in commercial | structures is of 
"importance. “Such a study brings to Hight a wealth “of 
ue Tr on the art as it is and on the necessary improvement of that art if z 
repetitions of unfortunate behaviors are to be avoided in the future. Further, 

—* a study shows how defects may be effectively repaired in existing struc: “on 
tures an and how they may not be ‘successfully ‘repaired. And n not Teast, it points 
the way to ec economies in construction that will place ‘concrete as sa 


al material on hitherto untealized heights of efficiency and economy within a i. AS 


ue _ “Pailures” as failures are not : attractive, any more than people sick 4 in body 


in mind are attractive. Failures as failures are ‘merely unpleasant comments, 


— bill boarded for all to see, on the e contrast between the wealth of assurances 
ne an owner receives before he builds and what he actually gets for his dollars. _ 
“Failures” as a clinical 1 study, however, are of an importance and 


that cannot be under-estimated. The study is difficult and it must be pro 4 


= longed, else false conclusions will be drawn and a phenomenon of litle im 
portance will be given rank over a matter of real and vital significance. 
Sa To classify the different types and kinds of failures, to show their origi, es 


is 


my to evaluate their importance, and to point out the remedy for them, would be ie 3 
~ beyond the } proper scope of any ‘discussion of this | paper; but a few classifica- 


ee: es i tions of disintegrations and their causes may be briefly made, which will be re 

benefit and of help to those who are interested in -concreté, either as owners, ‘ 
who wish to know of a surety the permanent security of their investment, or 
en & as professional m men or constructors, who wish actually to be in a position to es | 


secure for an owner this stability of invested funds. 


a Age Any breadth of experience in concrete makes evident the fact that ier 
— in ‘concrete, however se evere | ‘they may | be, rarely “mean or threate 
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cementing medium would bid fair, considering the = 


ions involved, to be capable o e of supporting any direct load d likely 


eo “One cannot go far i ina study « of disintegrations \ without t being forced to the 


‘eouclusion that the “construction industry. to- -day abuses cement rather than 
uses it; and that the simple and inevitable fact that ‘Portland 


water, sets, h with 


2 a Saal and water mixture is placed in forms, the outward appearance of 


gonecrete. The significance e of this comment i is not t lessened by recognition that 
x - construction in concrete is complex as a business, but complex | only in so far 
as every. _ business is complex. In the evolving: _ this business th the art 
“managing the art of materials handling have been stressed 


: science of construction, rather than the production of a material of definite 


“qua qualities, ‘definite properties, and definite value. 


The more commercial concretes are studied more is the. 
peed that artistry and architectural skill, o1 OF, wizardry in mathematics and 


design, or great executive ability as the head of an organization, do not 


pares 


qualify any one as an expert in conerete; and that specifications 
“4 and the work executed ‘under various specifications, so long as { as the commonly 


“omitted necessities for enduring construction are e unprovided for, cannot be 
expected to endure beyond. a limited time without 80 as 


‘skill in design alone is assumed as the sole necessity. 


i _ Disintegrations of concrete as found i in n commercial structures and the con- 
“Eicus that gave rise to them cannot be reproduced in the e laboratory. L Like- 

_ wise the conditions surrounding the « commercial use of cement cannot be had 

in the laboratory, nor can laboratory usages or dicta be reproduced in ‘he 

4 field, + Further, there is a . danger that the fruita o of laboratory experiment, 

a valuable per se, when given without caution to the field man, result in their 

‘ sly warped for « commercial ends, as in the case of the successful and prof- 
table marketing ‘of unfit materials under the doctrine that so long” as water — 

‘€ and, cement are in a certain ratio, one to another, nothing else matters. Even 


the water- boy. ona | job. knows that this is not fact; and that materials, both — 

in ki nd in quality and in quantity (as well as the manner in which ~<a 
used), make a world of difference in result, regardless of this one ratio. __ 

The art has suffered further from a conjugate of that is, 


aby expected to give. e 10 000 lb. per sq. in. of compressive strength, is con- “at 


sidered remarkable if if it renders one-third that in the ime obi of ite life 


th 
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From one and all of these factors arise certain in 
= Red - eonerete. Some of the various kinds and types of such behaviors have been = 
shown and commented on by Mr. Baylis. ( Others have not been mentioned 
ae and some of those omitted 's are of the greatest st practical interest and i importance, : 


oe brief classification of the various kinds and yes of commonly found — 


“‘'Three-branched ‘crackings, or crazings, visible in nearly all surfaces of 


sae ‘concrete. This is the commonest type of visible disintegration and will be 

(b) ‘Dusting and scaling | on exposed sur ‘of the hydrolysis 


oa Fe _€ )A gradual loss of coherence in the mass due to slow reaction with ag 

Wg elements contained in the aggregates—more common than is realized. a 
a3 eee (d) Loss of coherence through lack of uniformity in the mix—a common 


Softening, by loss of coherence, due to the entrance of plain 


(f) Softening, “followed ly loss of coherence, due to 10 alkaline wa er, 
‘aac Softening, due to o entrance of of sea waters and accompanied by various 
ake ve phenomena, s some simple, others. complex. x. The total loss- s-and- -repair bill an annu- ; 
2 ally on sea-water structures runs into millions. 
ein (hk) Disintegration by bacterial action—very 

() Disintegration by actual electrolysis—very rare, although many dis- 


integrations of other origins are confused with electrolysis. 


| 


; a are, and to abide by them, or r else to be prepared to suffer the pena alty. be 
ee For instance, Portland cement, if undiluted by sand and stone, may “kick” 
itself to pieees without outside influences, because of the enormous” energy 
3 ae #9 liberated by its reaction | with water and the continuance of that liberation 
energy after set has taken place, through the perpetual thirstiness of cement 


To deal with these various Glasses and ‘types fully would 
A tized book on each. Further, frost and freezing may aggravate and d accentuate 
asa “secondary ‘influence a any disintegration arising from any one | of these 
causes, thus giving rise to other conditions which complicate brief dis- be 
aside from the disintegrations listed as tc to type, other 
factors which relate to cement alone and to its natural behaviors must 
be known and taken into consideration if there is to be a reasonable degree 
5 = of value inherent in any job. Portland cement has a right to these behaviors; ie %: 
aaa and it is the obligation of the users of cement to learn what these behaviors x ‘. 


ar. 


7, 
We, 


Y ~ ala This is well known, yet it has been a habit for decades to make over-rich Be 
= ims cement all outer surfaces of | concrete; and | to o add pur pure e cement where | it is 
a esired to unite old and. new concrete. No permanent success has ever atten 
ie these ventures, nor can there be hope of success, yet tradition dies hard; and 


= the procedure is | Teputed - to be “practical”, it is reputable, even if it is the 2 
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SORNSON ON CORR 
essing improper qualities, or lack of possession of | proper qualities, for it 
= commonest of all disintegrations—the three-branched, or “map” cracking of 
surfaces. These map eracks are commonly the first outward evidences 
‘disintegration. TI is There must be andi a cause for them and, inasmuch as 
strength tests, or any of the usual routine tests for cement and for | concrete, ; 
ane nothing as to cetaats OF as to how to control them, it behooves engineers asa 
start to learn all there e is to be learned about this one phenomenon . and even to; 
tot the devising of new tests and of apparatus for tests, if these should prove _ 
of often stated that “map ‘eracks” are “merely superficial”. ‘Even if this 
ts granted, what happens in this peculiar ‘and unruly superficial layer of an a 
|‘ Yberete when it sets? And if these cracks are merely superficial, why do deep 7 i 
-disintegrations: follow exactly the lines of these map cracks? And eince a 
cement, ‘when “set, is strong, how much s ‘must certain in fore rces be to 
‘this innate strength and to bring about fracture? ‘And great 
gre these forces and what is their total significance? 
‘These are difficult questions to answer—unless ‘more light is shed he 
- behavior of cements than can be extracted or cajoled from the — of re 
of strength testa, recorded and available Kad 
= To the end of oe answers to these questions, | the instrument eh shown 


in Fig. 17 was devised. Inasmuch as it measures ; tensions: and behaviors due 
9 to tensions, it has been named the tensometer. In its elements, the tensometer SES 
2 a pair of clips, between which latter is put a sheet ‘of poceeeetvnd 
3 


By putting weights into the an initial stretch, , or rigidity, can 
Be rh created in the rubber. An initial tension on this rubber of 3 kg. will give 
: satisfactory rigidity. If then, this stretched rubber be coated with some : 
: ‘substance, 8 such as a : paste of Portland cement and water, it ean be determined 
whether or not is happening in the Portland cement which might 


find an outward _manifestation in tl 


; e Suppose that this stretched rubber membrane i is (in ‘commercial work) the 
7 side of a building, or the sub-base of a concrete sidewalk, | or the under-slab 
of a concrete floor. Just as in these members of any structure, the base is 
% fixed, s0 it may likewise be assumed that, due to the weights in the pan and 
the Retreeeent initial rigidity in ) the rubber « sheet, this sensitive base is also 
4 fixed, in so far as the behavior of a thin superficial coating of cement put on 
tee If, now, this rubber be coated with Portland cement grout in a thin. coating 
09 permitted to set and to harden, a rather remarkable behavior manifests — 
itself: Ih the first place, there is undoubtedly « evaporation of water taking 
Place. Evaporation means Toss ‘of water, and loss of water means change i in 


It so soon appears in the upward ‘movement of this seale-beam as as shown 
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JOHNSON. on CORROSION OF CONCRETE 


the. experiment). or « some other se, has caused a contraction and 


fted the weight in the scale-p pan. 
This » lifting by contraction must, therefore, be evidence of a force greater 
mid then’ the force initially induced i in the stretched rubber r. This extra fores ml 
be measured by adding weights to. the .ecale-pe pan, wasil the ¢ scale indi¢ator — 
‘returns to its original position. oid Yo 
these extra are added, howerer, it is observed that the 


suddenly, the cement film on the rubber sheet abruptly ruptures and the 


oie If the pattern of these ruptures is examined, ‘it is to be noticed tha 
are always. three-br -branched. _ That is, if a circle is is drawn around | the ju s 
Mi point of these cracks, one > wie h another, it will be found ‘that 1 they are eee 


i What. has s happened then, is that with the additional weights in the scale 
‘i (4 kg.) the rubber sheet has been made to correspond more nearly than it all * 3 
ke before to a rigid base, such as | that « on which cement toppings and cement 
washes ¢ are daily placed. Therefore, a a rupture in the cement fil film or pais 
_ covering has been induced by opposing its contraction with a a greater aa “I 
if a tied force in this case being 4 kg. plus 3 kg., or -7 kg. minus. The OF 


in, a commercial { floor is m many times 7 kg. 80 %0 that s something bh nas 
when a commercial to} topping is applied. 
This trial means, th then, that the tension induced in this thin surface film 
bys evaporation or by other causes is so great that ; it lifts between 3 kg. and 


kg. b before the inherent strength of the Portland cement is overcome, but 
Catt If the mother of this rupture on this rubber sheet as shown in Fig. 184 is 
compared with the pattern in a concrete sidewalk topping or | other ¢or patie : 
structures: (Fig. . 19), it could be seen that each is identical in form; and that 
all this “crazing” or whatever it may be called, is at 120°, one crack with — 
<4) another and that, by. and large, it is a serious fault in n concretes in. commen: 
This tension is occurring on every concrete job done in the usual man 
whene cement is left to its willful and way, 


and needless to add, cracks regardless of ‘this 

_ Is it to be . wondered, then, with this enormous tension induced in saga 

tins Sim, Shes rupture occurs in the usual floor or sidewalk toppings, whith — 
Or is it to be. marveled, th that 


— 
— 
— 
Ba, F eS inward. To many, it will be at once evident that the shape of the rubber aan 
“4 eee sheet is now an exact reproduction of a “dished” cement floor, and “dishing”, — ai 
course, precedes cracking, in many cases of failure in concretes, 
— 
— 
— 
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| 
— 
| 
i surface that is 50 sq. ft. in area in commercial work? Many times conereéle 
ah 
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thins other appearances shown in the pa aper in the 


experimentation, it is proven that evaporation ‘alone is not t aa 
be responsible for this tension, but other elements enter in; and phn these ae a 


of its entirely different from, and quite capable by itself of 

i in n value, the tension caused by evaporation alone. 
‘This means that sprinkling to cure these evils is and cannot be, 
wholly effective, tradition to the contrary notwithstanding; | but it also” means 
ys that, having found out this new-old behavior natural to cement, the devising Fae 

a remedy | becomes almost troubles: are he 


Bvidently, then, more accurate and better knowledge of concrete is needed 
and t the more one amasses of that knowledge and the more skilled and able a i : 
| one one becomes in embodying that knowledge in ‘useful, commercial ¢ constructions, — 
more amazing seem the every-day assertions about -conerete—aseertions 
- that make up in vehemence what they lack in truth or in basis on fact. a ae cae 
‘Tt has” ‘been asserted “no one cares about ‘anything except price” 
That will Prove a to those who practice it, or sanction its 
‘practice in commercial conerete work. The speaker does not believe this is 
-¢maé and has found, on the contrary, that those who practice the art are, in = 
greater and growing numbers, vigorously determined that the » constructions — : 
of this year and of next year’ and of the years to come shall prove » by their ? 
K: unquestionable quality that the old-time, 28-day art—the trade governed by 
_ tradition and rules of thumb and uncollectable gu guarant nties—may n not and shall 


“not stand as the best that the American nation of to-day can show to pos- ae ae 


Water D. Assoo, M, Am. Soo. 0. E (by letter).—In the winter 


of 1919 and spring of 1920 a river structure was built in. the —— 


River at Shelton, Conn, ‘This structure consisted of a beam- -girder deck, 
‘supported by bents comprising four piles. Reinforced concrete was, the only 
‘Material used except for the, piles, which were of wood. During low tide 
several feet of the » wood piles were exposed, while during high tide the conenete 4 
columns were submerged for several feet. t. 1 The Housatonic at this point hasa 
velocity of approximately 3 miles per hour. Blod os 
Between April and August, 1922, @ second smaller Section, 366 ft. lo ng, 
ae built, similar in all respects to the previous structure, _and of identical — Be ve 
materials, Before starting 1 work on the second section the first was examined iss 
‘and found to be in good condition. The materials consisted ¢ of new billet 


: structural grade reinforcing bars, standard Portland cement, a pre-mixed sand ‘3 
and gravel dredged from Long Island Sound near Port Jefferson, N. Y., and oa = 
water, The cement and steel were tested by, a public testing laboratory 
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tow have been called the first and second sections were built by: 

construction company with the same general superintendent, but 
ferent 1 resident superintendents. T The river structure in question runs along 


property occupied by a textile ‘manufacturing: ‘plant, which included 
a dye-house emptying its waste into the river. Between February and April, 
1928, this dye-house was wrecked and a new one was built in an an. adjoining es 
ef foil On April 15, 1923, the writer was notified that both the first and — et 
sections had deteriorated. Inspection showed that the concrete had become » 
: . that large pebbles could be picked out by hand with little effort a . 
appeared. to be badly abraded at the corners where the “reinforeement 
become exposed. il al bollowih ed ven tvode 

_ It was desired to determine as nearly as possible the true cause of this 


deterioration, and much money was spent for tests, examinations, and expen 
opinion, _ A chemical analysis of the river water in the vicinity of the structure 


obtained, based on about one hundred samples taken at, different times. 
chemical analysis w was made of the deteriorated concrete. with re results.as 


herein given. _ However, no analyses could be made of the water as it was “4 


between February 2 and April 15, which is the period during. which thejeon- 
Apparently, the , gray Portland cement had been converted into a white 
ao powdery, substance with no binding qualities. The appearance of the tem 
ees I isi steel at the time the corrosion of the concrete was discovered, was — 


steel. Furthermore, in each. case the. deterioration. of the. concrete. wes 
the outside in and never in the form . of smooth 1 plates of hard conerete welled ‘ 
ss from the inside in the typical manner of 1 a concrete failure « due, 


ae The concrete was mixed i in the proportions = i: 1, 5:38 in a small ‘standard 


2 
mixer.’ The water was measured in pails. No effort was ma 


grade the aggregate for a particularly dense mix, but the ready mixed aggre 


gate was well gr traded from fine to coarse in accurate proportions of one of 


The steel was placed 13 in. from the surface with ha fair 
Gin na few cases | brought it quite | close to the surface, and in others as far a 
3 in. | The ‘forms were made of tongue-and- -grooved lumber, well oiled, ‘and 
enough to hold mortar. _ The pile-cap_ forms were of 2-in. 


at the 1 top and giving access to the 1 river water as BoC soon as the tide 
the forms several hours later. 
ben The deterioration (Fig. 20) its worst in some placés Where 
tdi even 3 in. from the surface. | At the date of last Ip the fall nye 
a 1925, the superstructure, name ly, that part ab ove high ‘water, ¥ was in eapen oe ae | 
_ ee * While deterioration of ‘the concrete was was rapid during the period of cet 


months: after its first it became less “noticeable, 
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the of 1995 to have ceased. ‘ i 
rete was easily affected by frost and floating objects. » There seems a! be 1 no 
that frost and the abrasion by floating objects were the primary 
deetes | of ‘the deterioration, as the first | ts section showed no o ill effects < of oe 
eld winters of 1920 and 1921, while it corroded in the same period 0 of twe Ae 
‘months during which the second section deteriorated. 
The structure was provided with several « expansion. Joints s extending fron 
top to bottom. In at least two cases this was not sufficient to take up the total — 
expansion ‘and some of the coneréte at the edges | of the abutting bents =a 
 eracked. Pieces so broken off showed sound concrete, in no way resembling ae? 
: the soft, almost mushy, part of the structure deteriorated in the water. T _ The pet 
most minute examination of ‘the entire structure and study of several 
hundred photographs failed to disclose a single instance of a crack due to work a. 
strain, overloading, or | lack of steel; in in fact, the the only cracks in t in the entire 
structure were at a few “day's work” joints where the beams of one bent had 
continued into the adjacent bent half- -way between columns, For archi- 
4 ptogeonetep the columns and most of the members were made much 
larger than the light live load required, and the steel had very low stresses. 
= In fact, ‘none of the steel in tl the pile caps figured in the computations. — ee, 
— It is the writer’s opinion, based on his own n observations and a a yon 


tr dye-house was rebuilt, during which time the 1¢ manufacturer failed Poke 
 tralize his acide, This belief was arrived at after having access to the stolen 

- made by the following experts, all of whom concur in this opinion: Bryan 
 O. Collier, Benjamin A. Howes, E. DeV. Tompkins and Watson Vredenburgh, _ 
= Am. Soe. O. E., and Louis Weisberg, Consulting Chemist. The € 
‘Teport of Dr. We eisberg i includes the following s statements: 


“A typical sample of the deteriorated concrete taken from high 
3 water in June, 1924 (the year after the deterioration was first reported) 


showed a white furry deposit, which could be crumbled easily between the ee 


fingers and which was found to extend through the sample. Upon analysis ee rae 
this white material dissolved in hydro-chloric acid with production of ri 
_ carbon dioxide and was found to be mainly calcium carbonate. The — D: = 


_ of this concrete sample shows that the cement has been replaced by a mate- 
rial in which calcium carbonate is dne of the principal constituents. Approxic — 
a went 80% of the cx'cium has been transformed into calcium carbonate. _ 
“Analyses of the water samples show that practically every sample = 
tains bicarbonates. A certain number also contained carbonates. Either 
ae carbonates, bicarbonates, or carbon dioxide in the water would be capable 
bringing about this transformation of the calcium in the cement 
_ ¢aleium carbonate. The water samples for the most part also show the 
= of acid which is capatle of dissolving the calcium carbonate ee 
_ Within the mass and removing it therefrom, thus bringing about al we. 


Feaction, whereas those taken on working days only 104% showed alkaline reac: 
tion, a and 894% showed an acid reaction. 
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Weisberg also made a comparison of a complete chemical. 


io: Bey with one of undeteriorated concrete taken from above that | line. The ie 
"previously mentioned as being broken off at the expansion point, served a 
the latter. He found only 24% of the calcium in this air- set concrete. 
ia * have been transformed to carbonate, while in the sample taken from. below 
7 the high-water line, calcium in the form of carbonate is nearly 80% of te 
In other words, not. only can the acid attack the vulnerable part. o 


face of column being corroded a horizontal line 
coincides very closely with mean high water as evidenced by a a hori- 
gontal on the adjacent face. At this time the structure was 


carrying load of broken stone equalling approximately twice the designed 
ag AS load per square foot. Although this load remained for a long period, the 


showed 1 not the slightest sign of suffering from this. severe test. 
elose view of the strueture above mean high water is given in Fig. 
— plainly shows excellent concrete. ‘This photograph was taken at mean 


eee anal. R. Trarman,* Assoc. M. Am. Soo. O. E. (by letter) —An oan 
ascertaining the appearance of exposec concrete surfaces, is’ called to 
* a mind by the extended discussions of this paper, and of other recent Papers ¢ 


in “question included and street bridges, ret in 
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the surface. At several bridges and walls, water had 


bos through the joints and the concrete — in spite of water- -proofing on the 


back, and thus had added to the unsightly appearance. The ects 
those ‘inheren “to conerete, exclusive of the effects 


smoke which may accumulate on any kind of surface, 
wa Bag also of structural cracks, such as seem to be almost inevitable in long retain i 
‘ing walls, The examination was not concerned with structural disinte 
& tion of the concrete, but in some cases there may be a close relation between 
urface defer ets and general disintegration or "corrosion of the comerete, 
Although buildings are being erected in large numbers, 
them have. exposed concrete surfaces, a veneer of brick, stone, and. terra- 
cotta being applied as a rule for the purpose e of giving a pleasing and per is 
oa = finish. Such exterior coverings are sometimes cleaned or ‘renovated — 


Western News-Record, Wheaton, 


——  “{n short, it is my opinion that the disintegrati Bho 
— tion of the calcium in the cement, to calcium eo . 
garbonates_and_bicarbonates_ in the water, followed by a solution of this 
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pred tile or by grooves and r recesses to break up flat surfaces. — Treatment 
of this latter kind, however, is utilized for decorative effect rather» than 
to prevent or remedy @ poor appearance of the finished concrete. The com- 


ments on the surface treatment of concrete by Mr. 


suggestions offered after the examinations mentioned, to the effect 
that it might be advisable to study the practical and economical possibilities : 
of 4 giving to exposed concrete a surfacing that would produce “an appear- 
: ance as good and as durable as that of e veneering with other material. ah 
Buch treatment might: result in considerable saving as compared with the 
usual veneer covering, z, while it would ‘also avoid the unsightly appearance 
of structures which do not warrant the expense of such veneer, ae 
Surface grinding and. grouting of fresh con concrete been 
of cases, but. does not appear to be an entire assurance against 


| ing and discoloration. Painting of exterior enrfaces has been n used. 
9 ‘The two questions or problems involved are: irst, the. possibility 


developing a treatment or manipulation of concrete that will give a surface 
permanently good. appearance with reasonable ¢ economy ; and, second, the 
possibility of further developing such treatment for the protection of con- 
erete exposed to water and wave action. far as appearance is concerned 
the following appropriate ‘statement® i is s quoted: “There is an open field for 
developing concrete construction that ca qaserk show its own face with- 


is grateful the very of the feels that 
_ much of value has been added to the paper. There are only a few points — 4 


where additional comment seems desirable. In most instances where there is ee, 


“disagreement with the writer’s conclusions, it is believed to be due more 
toa misunderstanding of the subject than to differences of opinion. When 
more details of the _problem of | concrete deterioration — are published it is 
believed that the value of some of the facts discussed i in the paper will be 
a subject of this nature it is expected that there will be differ. 
enees of opinion. Dr. Bogue submits no evidence in his criticism, 

writer does not agree with his views on the points discussed. A criticism 3 

of this kind brings to mind ‘a passage from: a recent editorial well- 
known technical journal on the art of writing: ont 


“No one has any right to expect that the writer’s thoughts should agree 

_ with the reader’s; it should suffice that the writer has given us his own - 
a touch expressed so far as possible in his own order and his own words. a 
_ Here and there should be found a few lines worth reading, an idea or two 
orth considering, even a phrase which ‘is ‘illuminating or apposite.” 


- It j is gratifying | to know that a few contractors are producing good, con- 
cre writer, however, does not agree with Mr._ Ahlers that the 


4 edt Engineering News-Record, December 16,1920,, boogoattai od 
t Cht. Filtration Chemist, Bureau of Eng. City of Chicago, 
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that has ‘with the Pri is dete 
eet -Fiorating in strength. _ It was the writer’s intention to point out a few: reas 
for | this | deterioration, and it assumed that the good concrete 


to which reference can be by the use of the v 
Sue patio, and this is a step in the right direction, but it is not the solution of > 


ee Mr. Ahlers, as well as Professor Williams, has failed to grasp the | purpose of : 3 


ef concrete after it has been 3 mixed, or more especially after it has ‘iin, * 
placed in the forms. No idea of the quantity of cement used can be obtained — 
j from the test as outlined. If it i is desirable to know this it may be deter: — ; 
mined by carrying the test ‘a little further, ‘providing silica th is used 
for fine” aggregate. Knowing 1 the calcium content of used, 
ae any 4 variation of this constituent in the mortar sieved from the coarse ag agere- 
gate is | readily detected. - Such a test is not reliable unless all sees 
larger han the No. 8 sieve , size is removed, also if any aggregate finer than 
this size contains calcium soluble i in acid. The writer has followed such 
edu re for ‘examining concrete in which the quantity of cement used ws 
in doubt and finds that it gives fairly accurate results. aes ae de 
In his density test Professor Williams assumes the volume and specifie grav 


é : ity of all materials used, to be known. It was the writer’s intention that a test- iN 


forms, or, even better, after it has been placed. _ In instances alias! it is ‘pos 
‘pee gible to do so, it might be best to collect samples by cutting out small pieces 2 
of the concrete after it has set a day or more. Professor Williams’ method 
) eludes all voids, whereas that proposed by the writer does not include voids of ‘ 
than about in. in dismoter. Voids } in. diameter, or even larger, 
caused by air- ‘bubbles, ‘not ‘power of the concrete 


all voids, a @ procedure is "practically: useless” 
the power of the concrete to resist the weathering agents. 8 82 
The proposed void test is. not an absolute measure of the durability of 

( the concrete, but it seems to give better indications than. almost any other x 
ss tent. _ Because a test is not absolutely ‘positive in its indications does not 
signify that it is. of no value, measurement of aggregate by loose 


gives a better indication of the durability of the conerete than may be pre- 
af “aa by any other test. The flow of water through a piece of conerete 


same materials and the same condition of exposure, the void test 


— a paper than the good qualities. He knows that a great deal o he a8 rel 
t there is much in the engi 
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‘game direction in ‘most. lostanetaa but the passage of water through the con- 
rete is. affected quite considerably. by the tendency. to. form, channels.,; In 


(Those who are still of the. opinion that, all troubles ean be eliminated. by 
3 to a certain water- cement ratio, or ‘any. other test that is 


jn advance of placing the, concrete in the forms, will do well to read a recent a 


article by -Greene.* Attention is called to the following: of 
> “Assume ‘a column or wall, large enough ‘for’ @ man to work in. a Place 
= concrete in this wall of a consistency to give 1-in. slump at the mixer or 
‘as sampled out of a buggy. .Run.7 ft.:in depth of the concrete in three hours 
§ with men spreading the concrete. _ At the end of the run there will be loose — 
| water on top of the concrete and “the material tested in the hole may show © 
48 slump of 4 in. * * * Tt is the judgment of the writer that samples mt 
- for testing should be taken only in the hole and from °° wottent concrete rd 
_ in the hole, not from the mixer or from the buggy. * * * The concrete ee g « 
_ should be bought ‘f.o.b. the hole’, not at the mixer, the peht hopper, or 


a The proposed void test would be very helpful for such instances as that 


ibed. It will show quite readily | that the top concrete which has th 
excess water is too porous for durable. concrete under many exposed condi- 


tions. Any test that takes the sample in advance of the last disturbance of 


the concrete in the forms will not give conditions as - they are. 


5 va a test must be adopted that may be applied to to concrete after ‘it has been 
tag is: 
4 placed i in the forms, or even after it has set, if en engineers ever expect to get 


a io The new sieve size, to which Mr. ‘McMillan takes exception, is a neces 
sity for the proposed void test, and it will be more helpful than the j-in. | 
in 1 proportioning aggregate. will be impossible to make an 


interpretation of the void test unless the quantity of aggregate larger than 


tbout 1, ‘in. ‘in diameter i is shown. _ For a test to be applicable to fairly small 


- samples of ‘concrete the dividing line between fine and coarse aggregate mus A = 


be set at a point where there is practically no possibility of the particles 
from the mortar. Iti is ‘a fact that }-in. ¢ aggregate will coparate 
in much of the © concrete now being manufactured especially with a little dis- 
turbance, such working: the concrete in the forms. The e separation may 


_ be slight and not enough to affect the strength of the concrete in many in ae 


avis | 


. No one should attempt the void test “unless the No. 8 sieve is used. A 


few samples fi from concrete a after it has been placed, or after it has set, will . 
impress one with the value of using this | size. Of 


e Tn discussing the void test, ‘Mr. ‘McMillan makes the statement that, Pers 
_ that the test accomplishes, therefore, is, in effect, a determination of - the 


= of combined water”. _ How any one can conceive of this being the 


© “Some Lessons Learned in Buildin 
‘eg News-Record, Vol. 97, No. 20, 
Beer. 
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BAYLIS ‘connostox OF concRETs : 

weiter? is unable understand. After being até room’ 

Perattire (60° to 70° Far.) concrete will show considerably: ‘more than 


its ‘total water absorption, ‘except ‘possibly for: very dense mortar, ‘The 
feels sure no one believes that the hydrated cement compounds are 
= dehydrated at this temperature. Perhaps it would be’ helpful if ‘both: Dr 
Sree aes: ‘Bogue and Mr. McMillan made a few void tests in order that’ they might — 
as 4 lt was not intended in this paper to cover the entire field of eo 
deterioration. . Porosity was discussed more as a means of aiding chemical 
changes than, as an attempt to give the changes" actually ‘are taking 
place, One ‘of the most serious problems deterioration was not 
_ even mentioned. — It is hoped that additional research work will ‘be made 
"Public in the near future, and that this will be of some ald in leading 


earer un erstanding, of the limitations of Portland ce cement, conerete,, 


sited carrying thé tert a farther, providing “sie 
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OF CIVIL ENGINEERS 


OF 


‘THE WORK OF THE QUEBEC STREAMS COMMISSION* — ae 


bud 0. O. ‘Leres 
vRE,t M. Am. Soc. C. E ” 


_ Quebec is: asked | by numerous correspondents 


from outside the Provinee what the Commission has done, and especially for 


data relating ‘to its storage reservoirs. It is the intention, in this paper, to sei 
answer these questions in a general way! te 
mi Until 1910, there were practically no ‘dat regarding the streams of the 

; Province, | except those on height of rapids and falls and flow measurements 


‘undertaken by private c companies, the latter being limited to a very few streams, 


Tn 1910 it was felt that something should be done to determine the value | aye 
4g of the water power sites which the Province held for lease. The value of ‘the ae : 
a property the Government was leasing should be known before disposing of it. bic 
_ ‘Other information regarding streams i in ‘the | Province was also desirable, and Ba < 


a8 it was felt that this work could be carried out best by a commission, the Ae 


Quebec Streams Commission was instituted by the 1, George 


—To devise just and practical rules respecting the flow, the dedwite off, 
“the disposal, the distribution, , the storage, # and | generally r respecting the preser 


and ‘management of: running waters in the Province of Quebec. 


courses, of the flow, drawing off, disposal, distri- 
and storage of water, to be amended. out 


while reconciling the: ‘interests of agriculture, of industrial pursui 
and of the forests with respect for pI property rights. 


we Rive Presented at the Fall Meeting, Montreal, Que., Canada, October 14, 1925.0 
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WORK OF QUEBEC STREAMS COMMISSION 


To consider whether it ‘is expedient to have the 1 rivers of the Provinee 


classified as navigable and. tloatable vivers, and rivers which are not nayi- 


gable or floatable, by an administrative commission or “otherwise, according — 


es, and to submit such rules, if it be advisable... 


4 e any inspections and examinations of ‘the lakes, rivers, pom 
creeks, and watercourses in this Province, which it may think necessary. ee 


es 6.—The Commission shall proceed with all possible diligence to « carry out 


the purposes for which it is constituted. In matters not provided for by 


1—T! he Commission shall report t to the Lieutenant- Governor i in n Council a 


= be laid before the’ Legislature. during the first ten days of the x ext - ge8- 


Members of the Commission, however, were not appointed until 


ber, yn. It was the good fortune of the Government to appoint as the first is 


Chairman of the ‘Commission, the Hon, Parent, who had previously 
been Prime Minister of the Province of Quebec, a man of great business 


Wa I: Bishop, M. Am. Soe. C, E., and ‘the late Mr. Ernest Bélanger. 
The. 1925 Commission has | at its head. the. Hon. Tessier, Arthor 
Chief of the Hydraulic Service, ‘Department of Lands and Forests, 


: ee S. F, Rutherford, Engineer. 4 The Commission commenced its work in $ 
1912, and has issued annual reports giving details of its activities. 
as tb 1912, the Commission was in the organization stage and made numerous or 
investigations a to ¢ conditions of different streams, more ‘particularly flood 


conditions, log- driving difficulties, and, the storage possibility the 


od od bluode egy ot 
In 1913, ‘the Commission’ work, was, _ becoming quite important, and an 
ae Engineering Staff was appointed, with the writer as its Chief Engineer. ie, 

Province together with the collection, of more meteorological 


at as well as numerous investigations of storage possibilities here and there. 


ig “systematic flow measurements of the principal streams of the 


Ih 1913, systematic organization for flow measurements’ was initiated. 
On the principal streams gauges were established and read daily, sometimes — 
temas or four times a day. af The flow of the streams was ‘measured and related — 


w available for nearly ‘all the p principal streams of the Devinn Since 
1922, the work of stream measurement has been carried out by the Dominion 


Engineer, with in Montreal. (0 This: was’ ‘posible’ ‘through 

an agreement with the Commission, whereby the two services co-operate 
other, to the of the ‘Province 
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Data on gauge heights are received monthly at the ‘office of the Contimis- 
sion, tabulated, and made’ available for distribution ‘to tho: ose ‘who’ may’ be 
copy ‘of this information is furtiished to the Dominion Water 


Power Branch, which supplies the Commission’ with the results of the meter- 
Generally speaking, it “may be stated that. the average year run-off 
is ‘the streams is about 1.6 sec-ft. . per’ sq. mi le of drainage area. “The ordinary 
maximum run- “off usually occurs in the: spring and varies from 6 to 10 sec- -ft. 
on the larger streams to 20. and 25. see-ft.-on the smaller ‘streams, the tatio 
- between minimum and maximum flow being about 1 to 25. The minimum > Mas 
flow takes place in in winter, usually in ‘March, and reaches 0.25 to 0.40 ie 
per sq. mile of drainege's area, deperiding « on the characteristics of the | streams. 
aol Flood flows much larger than the maximum just given have been recorded, 
“eapecially during 1924, and the figures w which prevailed during this ‘period 
should be of interest. \ On the Ste. Anne de la. Pérade River, a discharge of — 
43000 sec-ft. was recorded at St. Alban: the drainage area is 672 sq. “miles 
_ which ‘is a rate of 64 sec-ft. per sq. mile. On the Ste. Anne de Beatipré 
on. at the Laurentian Powet Company’ 8 s plant, where the drainage’ area Fe 
is 400 sq. miles, the was 32 sec- or 80 sec- oc-ft. per sq. At 


4 the. collection of data regarding rainfall and temperature has been fol- 
a re ayailable from 1871 to date, eno 
The work of collecting meteorological data has been initiated by the Do- ; 
minion M ‘Meteorological Service of Canada—a_ branch of the Department 0 
¥ Marine and Fisheries, at. Ottawa—w ith, headquarters at ‘Toronto, under, the 


: direction of Sir Frederick Stupart, 1 who is known as the Director of re 


ological Service of Canada. corse bud dro, 
k, 


, 


to the Commission and. ‘to. the. Federal il Office. This, 


tte 


7 tion is tabulated and put in proper form for. distribution to engineers. The rei: 
Provincial Government, through _the Department. o of. Lands rand . Forests, 


rere 


a pays the o observers, and bate, stations are in charge. of power yp ah» ah and pa, 
manufacturing firms, the co-operation of which is greatly appreciated, The Re 
a Streams Commission supervises the collection, of this information and follows 


closely ‘the work of the observers who are re being with and 
the importance of recording it properly. 


‘Tt be of interest to state, that. the: 


eauiyalent to ‘10 in. of rainfall. 
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This ‘may 
70 in very wet years and 35 to 40 in dry years. 
Soe as Great difficulty i is experienced in having the snowfall ‘properly recorded. 
“ ‘The best method is to have, a small platform laid | horizontally in the bush, 
- protected against the action of the wind. This condition is one that i is not 
always possible, and, in 1 many instances, the given are not, reliable, 
the snowfall i is accompanied by wind. 
The Quebec Streams Commission investigated, for the 
: a Lands and Forests, a great number of water power sites covering all dig 
Fas. trite in | the ‘Province, from Abitibi in the northwest, to the Gaspé Peninsula 
ape in the Gulf of St. Lawrence including the lower couiindal of the streams on 
? 
the north ¢ shore of the River St. Lawrence. Numerous surveys | and plans re, 
have. been ade of the. power sites on principal ‘streams, namely, the ; 
- -Quinze River in the Ottawa District, the St. Maurice and St. Francis Rivers 


the central section, the tributary Lake St. ohn, and the pri in- 


_a plan for t the proper de development was submitted with ‘3 
of the power available and the probable cost. This information 
is given to the Department of Lands and Forests, at Quebec. . 
point should be made clear: A ‘great many y people hove’ an idea that 


ae the Quebec Streams Commission has the control of water powers in the Prov- 


ince. That is an error. _ The Commission investigates the value of power 
at 


a sites; it does not negotiate for ‘the lease of such sites. s. Its 3 report is placed ak 


y through which one must negotiate for the acquisition | of any 


July 1, 1925, the Commission had ‘spent $646 942.11 for these’ inveb 
tigations and studies. A large part-of this sum will eventually be e refunded 
4 by the parties leasing power sites. A clause of the lease stipulates that the ae 
4 money spent by the Commission for surveys, plans, etec., must b be refunded. 
All special problems “regarding extraordinary conditions on any river have 
been referred to the Commission for investigation and report, such, for ex 
_ ample, as the great ! floods on the Chaudiére River, and their ‘possible prevention. Me 
The principal work of “the Commission, is the construction of 
- storage reservoirs, in order to regulate the flow of streams. A system of storage x 
has been constructed on the following streams : the ‘St. Maurice River; the 
a St. Francis River on the south shore, i in that section known as the Eastern 
Township; ‘Ste. Anne de Beaupré River; the Mitis River; and Lake 
-Kenogami. Storage propositions have been investigated and authorized 
other streams, such as the North River, north of gare River du Loup : 
(upper), and the ‘Ste. Anne de la Pérade iver, but 
i ¢ 
‘Although the Act ‘appointing the Commission gives body authority 


conditions on my of the 8 a Special | Act of ‘the Legis 
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dan existing dams necessary tis its work, to to 

the flooded, either by ‘mutual ‘agreement or by to build Rew 

required, and to replace flooded highways. To pay the cost st of all 

; is works, the Pro vincial Treasurer i is | authorized t to ) supply the Commission re pr 
with the necessary funds, the total amount not to exceed a figure ‘men tioned : 
jn the Act. He may borrow money for the purpose, or he may take it out of | 
‘ordinary revenue. All these Acts are practically worded in the same way, 
and a copy of that for Lake Kenogami, is attached hereto. — (See Appendix 1: I. _ 

Before any storage project is! authorized by. the Lieutenant- Governor in 


~ Council, the Commission has to supply the Governm 


ent with a complete report — 
_-Felating to the proposed works, their estimated cost, the companies likely to” 


the annual charge be to the ‘Parties 
* a No storage plan is undertaken until the Commission is assured of a yearly 
5 ‘revenue sufficient to pay the interest charges, the sinking fund in in thirty years, 
ad the cost of operating and maintaining the dams, plus a profit wheneve 

* possible, which introduces the question of the determination of rates. 2 
4 previously stated, all | companies, associations, OF persons: benefiting 
from the storage works of the Commission are called upon to pay an annual 
om charge proportionate to the amount of benefits derived. In many instances, 


- the determination of this amount is quite | a ‘problem lem owing to lack of infor- 


ae 


‘mation on conditions prevailing before any storage se work is undertaken. ner 


In the case of the St. Maurice River, complete flow d data were available — sama 
for t fourteen years, thanks to the initiative of the Shawinigan Water and Power ; 


Company, and the benefits could be calculated | exactly at each power site. 
~The usual procedure of the frequenc curve was | followed, se the 4 addi 
a basis of the horse-p. -power y year, 
For the St. Francis River, no flow data were available and it was not pos- 
a sible, therefore, | to establish | with certainty the number of additional horse- 


power years each company could generate under the controlled conditions. si 
Tt was then thought that each company should be charged according to ee 


head un under: which its plant w ‘was oper rated. However, under the storage. plan 


two. separate reservoirs, all companies do not receive the 


we.’ 
quantity of water, one of them being | located the an 


getting water from the upper reservoir only. 


om 
J Sa, Spots method, therefore, had to be adopted. Iti is t is called the “ “second-feet- 


head” “method, which has been in use on the Wisconsin River. "Multiplying 
the number of eccond supplied at each plant by the head 
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ature has to be passed giving the Commission the authority to | 
the flow of certain streams and tributaries. A separate Act 
. to be passed for each individual plan. Such an Act gives the Commission A Te eee 
— 
| 
— 
The Act gives the Commission authority to collect annual dues from the 
| 
| 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
| 
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tende to be levie is proportionately, to num iber 

os of “second-feet-head”. On the St. Francis River, the rate is $0.50 per seeft- 
head. On the St. Maurice. ‘River, when new power sites are developed, the 
“owners to pay. for, ‘the storage, means added, ‘Tevenue t 


On the other ‘streams, | the revenues of the Commission are: limited. to the 
_ percentage age of the capital cost, and any new development means a reduction 
in the amount paid by ‘the companies. condition i is to prevail for 


—Gouin Dam, shown in in Fig. 4 is’ Sti 240 
miles from the mouth. The dam permits a total control of the wale supplied 


levels, have been combined into pe lake lorting2 a reservoir ofa a total capacity 
of 160 000 000 000 cu. ft. or 725 “mile-ft. The dam, which is of f the 


gravity section type, was in December, 1917, and eon 


since: the beginning of 1918. The stored water is to regulate the minimum 


n the dam was built, the | 


_ minimum guaranteed to the power companies was is 000 sec-ft. Since 1922, 
the minimum flow | has been held to 0 16 000 00 sec-f ft. i gill age 
wesat ‘Under natural conditions the minimum ow of the St. ; Ma aurice River 


was! about 6000 sec-ft. ‘Tt is seen, therefore, that the primary, power f th 


ro-electric on the St. Maurice River has been increased in the 


‘the annual revenue » therefrom is 000. a 


“The ratio of low-water to high-water flow at Shawinigan, under natural 
‘conditions, was 1 to 26, and under regulated conditions, is 1 to 10. During 
high- water periods the storage dam i is completely closed, ‘ea water is supplied 
hold the minimum ‘required at Shawinigan. All power sites between the 
By a dam and the regulating point have a 2 minimum flow which i is variable, le, depend- “A 
ing on the storage required at Shawinigan, — The power § site near the dam 


loses. its p pr ractical value, as no o water i is available when the dam is s closed. At 


‘ _ that point, what 1 was high water at flood times is now practically no flow, as 4 


illustrated by Fig. The St, “Maurice River, under regulated conditions, 
onda power possibilities | of more than 1000000 h.p., which is twice what it 


Was under natural conditions. The duration curves for flow at Shawinigan 


St. Francis ‘StoMage. —At the of the St. Francis 
am, called the “allard Dam”, has been built and operated since 1918. . It 
a hollow concrete dam, built on hardpan foundation. with cut-off walls 


meath a concrete floor-slab properly reinforced, which _ supports a series of 


As 
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piers, all by a sloping deck slab. | dam affords a complete 

trol of the water supplied by a drainage area of 472 sq. miles. 7 Lake St. F ran- 
3 is: was raised 18 ft. above its natural high level, the total depth of storage i 
27 ft. The capacity of the reservoir is 12 000 000 000 cu. ft. 
Another | storage dam located a at the o utlet_ of Lake Aylmer was acqiiired | 
from the Brompton Pulp and Paper ‘Company. It affords a partial control 

the water supplied by a drainage area of 185 sq.1 miles. The depth of storage 
mre on Lake Aylmer is 12 ft., and he volume of water stored is about” 10 


THE ST. MAURICE RIVER 
THE FLOW AT 
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| 
he quantity of ele hocbea from the St. Francis Dam i is 9 


the minimum guaranteed the is only 600 sec 


mmission. 
St. Francis is bel 650 sec- ec-ft.,/ at ‘every the 
= . The Aotal cost, of the storage ¢ on ‘the Bt. Francis 


ro . The two wo storage reservoirs, 


the Lake Briilé | an Savane River, hive a capacity of 12 and 20 


« 


sq.-mile-ft., respectively, which is sufficient to regulate the minimum flow of 
“the St. _ Anne River rat the I Laurentian Power Company’s plant, at St. | Ferréol, Fe < 
260 sec- ft. ‘The revenue of the from: this is 
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Lower St. Lawrence Power Company, Mitie\Falle to 
The dam, a stone-filled: erib. structure, has been. completed at cost | 
hous $120 000. cost. of clearing the flooded area. and paying for land 
bring. the. total up to $225 000. » The Commission will receive 
Lake _Kenogami.Dams.—Lake Kenogami, in the Saguenay District, has 
adrainage area of 1 400 sq. miles. ‘The Ja lake itself has an area of 12 miles, 
‘s and lies at Elevation 510, bo It has two ow outlets; « one at the Chicoutimi River : 
a flowing into the Saguenay, at sea level, 15 miles distant. On this stream are — 
located the plants of the Chicoutimi Pulp Company. The other outlet, the 
River ‘au Sable, flows. through the Towns of Jonquiéres and Kenogami to 
level in the Saguenay, 7 miles from the outlet. this stream are’ located 
the plants of Price Brothers and Company, Limited. ox 
_ Under natural conditions, the plants on both could be ‘operated — 
t full capacity for only seven or eight months of the year. ” With the addi- 
tional storage provided by the Commission, the plants can be operated | a 
ag full capacity for the entire year. The Chicoutimi Pulp Company’s plant — i 
a capacity of 300 tons: of pulp per day, ax and | all its power (32 00 000 h.p.) is gen- 
4 _ The plant of Price Brothers Company, ‘at Kenogami, 
5 


500 tons of paper per day, and only a . small proportion of the power amend : 
i. is derived from Lake Kenogami waters. The cost of the Lake Kenogami dams <a 
= will be about $4 000 000 and the revenue to the Commission, $320 000 yearly. aren 


pans 


The 1 regulated flow of Lake enogami is 1800 sec-ft., which is distributed 
“directly to the power plants. At no time is the dam closed. . The flow, how- 
ever, is considerably reduced on Sundays, the water thus saved being dis- 


tributed the following week. ce Fig. 4 is a view of the dam at the Chicoutimi — 
ummarizing, the “Commission has . nt 
$7500 000, from which ‘it receives an annual of. $685 000, 


od bexinodtita od Van | oldadoty ott ban 
‘ermal has, no no | doubt, been noticed from | the foregoing that the storage reser- 
| a are operated under two different methods. One calls for a regulated c 
minimum flow at a certain point, such as ‘Shawinigan, in the ¢ case of the | St. 
Maurice | iver, and under that of control the Storage dam. ‘at 
_ times, completely closed. af ute million cht handred thomaand 
4 iyi The other method consists in releasing from the storage dam at all times — 
ofthe y year a » determined 1 minimum flow. This is the method on the St. Fran: 


& cis River and on on Lake Kenogami. | a In the latter case, the outlets from the 
. lake hay ave no! drainage area and no other 1 method of control could be satis- - 


factory. vale odwi bus webnst 0} bofiswe ed 
Which of methods is the: better is the to be con- 


Mitis Riv lt a storage dan 
ee to regulate the flow of the river to a minimum of 350 sec-ft. at the plant aS - 
.—l 
4 
— 
| 
— 
— 
| 
4 
ay 
ys 
% _ the power sites lying in the vicinity of the storage dams are greatly decreased 


those near the’ coritrolling ‘point are greatly enhanced in 
value. The best method ean only be determined after complete analysis 1% 


the conditions at each power site.) towo'T aod tet 


The importance of regulating ‘the flow of rivers is fully realized at dad 
mitted by all. It is an insurance against factory shut- downs and peta 


4 and business. During the winter of 1928, low-water conditions were’so 


in the Province of Quebec that industry would have suffered greatly except Bs 


for the large quantity of water. which be drawn from the Government 4. 


power not suffer ‘of? neither did ‘the 
Francis District. other districts, however, plants were closed and trade 
Although the revenue derived by the is important, it is insig- 
= when compared with the advantages which the Provinee at large 8 a 
_ derives from these works. This policy will be peor also for other eral eee 


ACTS, GEORGE V, CHAPTER 13:, oly 


ENOGA 
mmission recommen 
ot Rafe required for the storing of the waters of lake Kenogami and its trib- me e 
 utary lakes and rivers in order to better regulate the flow thereof; and wtp. 

Whereas it is in the public interest to carry out the said recommendatict, Br 

and to grant the Commission the powers’ necessary for that purpose; ; 
‘Therefore His Majesty, with the advice and consent of the Legislative 
‘Council and of the Legislative Assembly of Quebec, enacts as follows: 


E Bs a » I—The Quebee Streams Commission, after having deposited in the De De 
‘of Lands and Forests all ‘the plans and specifications necessary 
precisely indicate the work which it wishes to undertake under the authority of 
_ this act, and the probable cost thereof, may be authorized by the Lieutenant- as 
Governor i in Council to do the: work necessary for the erection of storage a 
co other works, in lake Kenogami, and in the Chicoutimi and au Sable rivers 
and of their tributary lakes and rivers, and of regulating their flow, both from — 
an a the point of view of the lessening of floods, and for the better utilization + 
- Re ow the water powers to be obtained from such lakes and rivers and their ‘ibe 
Commission shell. give out rt the ‘works authorized by. this act, by 
means of tenders and contracts, after public advertisements and notice ‘that i? 
a the plans and specifications have been deposited i in the office of the Commission _ 
A ie The giving out of the work shall be evidenced by a contract which shall 
be, awarded to the contractor making the lowest tender, and — also, in the "4 
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a | . _ Nevertheless, no contract shall be entered into by the Commission except § _ 
with the ‘approval of the Lieutenant-Governor in Council. __ 
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Commission may, with chi of the Lieutenant- 
in Council, acquire, either by mutual agreement or by expropriation : ‘berwunye, 
gl 2@). The existing dams and works at lake Ken gami i in the Chic 
‘river and the river au Sable; 
All the ‘immovable property required for the carrying out and 
upkeep of the work it is authorized by this act to execute; Cs ae 
(c)- All the immovable property that may be flooded or othe¥wise 
ss affected through the execution and upkeep of the said works; sy 
All the immovable required for the making of public 
ee or private roads to give access to the said works or to replace — 
roads flooded or otherwise destroyed or damaged; = bree 
te). All the immovable property required for establishing the necessary 
Pinsass (p. All the servitudes, real rights, rights conferred by the Legislature, eae 
3 tights resulting from contracts, and all other rights of any kind 
oe —Every expropriation under this act, shall be effected in accordance with — ae 
the Quebec Railway Act, and the Superior Court of the district or a judge of ey 


Court may on ‘euch conditions as it or he may 


in Council,” ‘may acquire the ‘whole of such lot and afterwards sell oush por- A 

tions thereof as it does not requires 
a - IV.—So soon as the plans and specifications mentioned in Section 1 are ae 

deposited, it shall be the duty of the Commission, after hearing the parties Pa 


interested, to submit to the Minister of Lands and Forests: | _fabaw Hoes 
ws (a). All forms of contracts to be entered into between the Commission — ay a 
Ta and any person, company or association, who may benefit by the a 
works for the storing and regulating of the waters coming within 
ys . (b). A general tariff fixing the rates, prices and conditions which may 
demanded. from or imposed upon any person,-company or 
Ii _ association, as regards any matter not governed by the contract 
ee? ¥ mentioned in Paragraph (a), for the use of the said waters. — 


_ No contract passed in virtue of Paragraph (a), shall have any force or effect _ 
til approved by the Lieutenant-Governor in Council. = | 
Go ‘The tariff to be established in virtue of Paragraph (6), after having been | 
_ approved by the Lieutenant-Governor in Council, shall not come te ree 
until published in the Quebec Official Gazette. dvr mq oft 


ensure the is and the acquisition the 
immovables coming within the scope of this act, the Lieutenant-Governor ‘ 
in Council may authorize the Provincial Treasurer to contract, from time to — i 
_— time, such loan or loans as he thinks necessary, but the loan or loans so con- Aes rt 

_ tracted shall not exceed the sum of one million eight hundred thousand dol- 
__ The said loan or loans may be effected by means of debentures or inscribed ae 
‘stock issued for a term of not more than fifty | years, and at a rate of interest 
_ The said debentures or inscribed stock shall be in the form and for the . 
amount that the Lieutenant-Governor in Council may determine, and shall 
be payable, in principal and interest, annually or semi- annually, at the. place 


entioned by him. + cet-dogi eb ot od ot. 
~The debentures or inscribed stock issued under this act shells l not be sub- 
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Pee | capa ae 11, 12, 18, 14, 15, 16, 17, 18, 19 and 20 of the Act 8, 


11, 12, 9, oF. ‘Aor’ 8, GrorcE :V, Crarrer 6 
 sailiag —The Lieutenant- Governor in Council, | pending the negotiation of th the 


; “aid Ss or loans may also authorize the Provincial Treasurer to advance a 
es from time to time out of any unappropriated public monies, the sums necessary 
be carry out this act on complying with the requirements of Section 12. Be oe 


; be paid from time to time by the Provincial Treasurer upon a 
a the Minister of Lands and Forests stating that such sums have been applied A 


s for by the Commission, that they are necessary and that the payment thereof ‘ 


le may be made in accordance with this act. —————— 


& > 


_ 18.—A sinking fund sufficient to pay off the loan or loans. authorized by 


i 


this act shall be established. The annual instalments to form part of this 
es 9 fund as well as the interest accrued thereon shall be invested or deposited by ess 
the Provincial Treasurer under the direction of the Lieutenant-Governor in 2 

pects, Aga 14.—The monies received for rent or other dues in respect of works con 
_ structed under the authority of this act shall be paid through the Minister 
= Lands and Forests into the Consolidated Revenue Fund to form part of — 


car the sinking fund until the loan or loans have been paid off in full. ee 


or an accepted cheque, sufficient to ensure, to the satisfaction of the Commis: 


TNs _ sion, the due execution of the work. The contracts shall also contain a stipu- ra 
Bo at lation that a part of the contract price shall be retained for such time and 
oe Pa - upon such conditions as may seem necessary for the due carrying out of the 

aie - -46.—No money shall be paid to a contractor until the engineer in chit 
ge et has certified that the work in respect of which the monies are claimed has 
Be a i been ~~ done and that the sum claimed is due and payable in virtue on 


3 a af -15.—The Commission shall require from each tenderer a deposit i in money 


“ea are exempt from taxation, and shall be held in trust for the Soa ex- 

18—The members of the Commission. shall not be liable to be sued 

acts done, carried out, or omitted in the ae es of their duties under 

The Commission can be sued only with the consent of the Attorney- 


ad 


19.—The Commission shall within the first fifteen days of. ‘each session, 


make a report to the Legislative Assembly of the work done under its control 


20. —The Lieutenant- Governor in Council “may make, amen 


48 
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"DEVELOPMENTS oF 


By Freperick A. Gasy,t M. Am. Soc. 


Rowe of Ontario ‘presents. its. general historical and economic 
gelationship to the program am of public service as ‘expressed by the work of the 
is Commission. This will lead to a more correct understanding of that work and 
will ‘explain the continuity ty of policy that has actuated the Commission in ee 
obtaining and supplying electrical energy to meet the rapidly growing muni- a ak 
cipal, industrial, commercial, and domestic needs of of the e citizens of the Province — 
of Ontario. organization beginning in 1910 with a small initial load of 
than 1000 h.p. and, fifteen years later, distributing about ‘800 000 h.p. “fee 
and operating twenty- -three plants, which, when fully developed, v will have a Ace 
‘potentiality of more than 1000000 h.p., could not have progressed to ite of : 
magnitude and stability without following some well: defined policy. 


The hydro-electric enterprise « of the Province Ontario as. 


as a Government- undertaking ; but the phrase, “Gove 
- ernment ownership”, as frequently used elsewhere—and so often in the | er 
_ States—has a significance radically different from any conception that 


_ thould be attached to the operations of the Hydro-Electric Power Commission 
of Ontario. great hydro-electric undertaking is a co-operative 


‘municipal-ownership enterprise, operating through the agency of independent = 


Commission control and administration, and is free from ‘political influence, 
Such public ownership, administered with honesty and for the cireum- 
> 
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POWER DEVELOPMENT IN ONTARIO 


zens of the Province 


most st effi 


a ever, the s source of supply itself was, napa some instances, wont outright 


by the Commission; while, sometimes, a number of generating plants haye _ 


_ been purchased which together with an existing electric: network have “con 
4 stituted the basis from which extensions have been made. S inally, the Co 


cae mission has oa its ‘own hydro-electric developments, and is considering the 


2 it, ga subst quantity of electrical power by n 
P Financial principles which the inaugurators of this 
_ undertaking believed sound, and which. hove since proved te to be. 80, were. laid 


a asab a basis for administering the various assets in a which the municipeliaes are 


ng 


sie First.—The generation and transmission of power on a. sholanie scale is 
managed by a Commission w which, although appointed by the Governm rament 
of the Province, acts independently in the capacity of trustee for the pene 


Becond.— ~The local of electrical energy within the borders 


= 3. 


ed —Capital required for plant to generate and transmit power is 

loaned by the Government on receipt of formal requisition from pa 
ni mission . Contracts are executed between the Commission and the municipal- 


ities ‘under ‘the terms of which the municipalities undertake to -Tepay, 
a period of thirty years, the monies thus loaned by the a with e 


Fourth. —The local distribution system is financed the issue of munic- 


ipal deb enture is made i in t the rates charged to the ultimate con- 


_ sumers ® for revenue ie with which to retire ‘thee bonds i in from twenty 


= 


total cost. “cost power” includes all the. usual costs operation. 
maintenance of the generating, transforming, and transmission plant 
equipment, and, in addition, the annual interest. charges on the monies. 
> powell for cost also -peovision for renewal (depre- 


— 
4 behalf of the cit unequalled in cats 
lission is entrusted with both 
ae ae the duty of supplying the electrical needs of the citizens of Ontario muy ee an 
palities at the lowest possible cost. At first, this end was ach 
7 
— =: 
— 
is 
ike 
— 
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— 
“a 
— The 
a a nicipality the actual cost. To do this, an interim charge, based on the = 
ig ae d cost, is made monthly and, at the end of each year, credit or debit q 
— 
| 4 


"POWER DEVELOPMENT IN ONTARIO 
ciation ) and sin fund reserves, as well a special reserve fund con- 
tingencies. is tud | mi also ton 
Bia Sizth- —Each municipality sells electrical energy to its own local 
rates and under conditions approved by the Commission. The 


to its consumers by a municipality are made sufficient to take care 


of. distribution is ascertained in a with that 
™ 
Commission in arriving at its wholesale costa, 


Seventh .—Under the Power Commission Act, the Commission is required t Oo 

determine, ‘annnally, the actual cost of | service ‘supplied to the municipal cor- 
porations by the local ich strictly municipal. purposes 


street lighting and the of water- pumps and street railways, 
ot and if any profit has accrued through the charging of the rate used through- 


eg the year, this surplus i is returned to the 
basic conception of the whole monicipelly-owned, electrical’ under- 


taking as administered by the Hydro-Electric Power Commission of aa ; 


e is a partnership of municipalities formed to ‘obtain pe power’ at cost, each munic- 
ipality paying its proportion of the cost for the service received. The Com- 


mission, acting trust ee for the municipalities, exercises both 


the dev “aiid distribution of electric power 


» In 1908 the Commission, in view of the vested interests in in power develop- 
at Ni iagara, secured its first electrical energy for supplying the, mu munic- 
ipalities of the Niagara System by contracting with the Ontario Power Com- 
‘pany for a supply of e electrical energy up toa maximum o of 100 000 h P., ata 
: price of $9. 40 per h.p.-year, until a load of 36 000 h.p. should be reached, her 
which the price | would be $9. 00 per h. “Pe -year. 100 000 h. p. was, completely 
by 1915. The Commission arranged for additional power from other 
- its plant capacity 0 of more than 160 000 hp. In 1920, the plant of the Toronto _ 
4 Power Company with a capacity of more than 125 hp. was purchased. 
At present (1925), the Commission is completing its own oe a 
 ~pawa plant with a a capacity of about 550 000 hp, ~All these provisions were 
to supply power to the Niagara ort ied .atap 


From time to time various municipalities in districts adjacent 
2 sources of hydro- electrical energy requested the Commission to take action = ob 
with a view to supplying their power needs. Thus, Separate systems were 
formed d in localities i in a general proximity to various sources of power supply. _ xe 
. Concurrently with its efforts to keep pace with the continually increasing 
+ Eder for power on the Niagara System, the Commission: found it necessary 
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ee economic relationships to the various systems which they supply, as be =. 
the Commission’ s undertaking viewed in the large. 


1 


There i isa to reduce the of separate systems by a process 


stage in their growth is it becomes advanta- 
geous to connect the adjacent ‘systems by tie-lines. we 

2 In some cases, special tie-lines’ have been run to transfer energy from 

"one generating station to another. Thus, two or more systems became physi- xi 


-eally one from an 1 operating: standpoint. Finally, when this stage was ‘reached, 
was found advantageous to extend the consolidation to the 


hese properties were - operated as separate entities, but as it became conye- a 
were absorbed into, and 1 co-ordinated with, ‘the larger systems. 
consolidations also effected economies in and administration. 
: The sys em s operated (1925) by the Commission (Fig. 1) will be be deacribed 
The Niagara System.— —This embraces all the territory between 
= F alls, Hamilton, and Toronto. on 1 the east, and Essex and Goderich on the 


‘within, the confines of a established. For a 


River. ‘These ‘include the plants formerly owned by the Ontario 
RS Power Company and the Toronto Power Company, also the new Roped é 
Chippawa development. The area served by this system is about 13 500 sq. 

- miles, with a p population of 1800 000. jh The load supplied is about 700 000 h-p. 
Georgian —This ‘system, which is a consolidation: of four 
systems previously. -existing—the Severn, Eugenia, Wasdells, and Muskoka 

fae, Systems—serves that part of the Province of Ontario surrounding the southern 

he end of Geongian Bay and to the north o of the territory served by the Niagara 
.s System. ‘Tt inclu udes the district ‘surrounding Lake Simeoe and extends as fa 


fae north as Huntsville in the Lake of Bays ‘District. It is served by five gener . 
ating stations, the  Wasdells and the Big ‘Chute, on the Severn River; the 3 


i Eugenia, on the Beaver River; and the South Falls and Hanna Chutes | devel- 
opments, on the Muskoka River. Of these, the Big Chute plant was pur 
Chased from the Simcoe Railway and Power Company and subsequently en- 
' aged by the Commission. The South Falls plant was s purchased from t 
as Town of Gravenhurst and is also being enlarged, while ‘the » other three plants a 
e were e constructed by the Commission. In addition, p power is purchased from — 
mea the: Corporation of Orillia and from the Niagara System. The area served 


by the Georgian Bay System is about 8 900 Sq. ‘miles, with a population € 
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of the St. Lawrence River between Brockville and Cornwall. The supply 
power for the System is purchased under agreement from the Cedar Rapids deve 
Power Company w which generates" its power at. at Cedar r Rapids on the St. ‘Law. ong 
rence: River, delivery being ‘made at a point near Cornwall. ‘The area served situ 
by this system: is about 2100 sq. miles, with a population of 28 000 

Rideau System.—This system | serves the istrict in vicinity of Smiths 


F alls, Perth, and Carleton ‘Place. Power is available from two generating 
hie: plat one at Carleton Place and the other installed by the Commission at ? ; it 


: a High Falls. Both plants are situated on the Mississippi River. The Com = We 

mission also purchases: power from the Rideau | Power Company, of Metrick- ig ten 

ville.| The area served by this system is ‘about: 1500 miles, with a 

of 16 The load supplied is about 3 000. h. 

hunder Bay System. —This system serves the district at the head a 

Great Lakes, including ‘the Twin Cities of Port Arthur and Fort William, 

with ‘Power from the development at Cameron Falls on t the ‘Ni ipigon River. 

The area served by this system is about 4.000 sq. 1 miles, with a ‘Population 

of 17000. The load supplied is shout 45 000 h.p. 

Ottawa System.—This system serves serves the e City « of Ottawa, and an extehsive 

rural power district adjacent thereto. Power is purcbaped from the Ottawa ts 

Hull Power and Manufacturing Company under an agreement whereby 

20000 h.p. is provided. he | present load is about 16 500 h. he popu 

$ 


Central Ontario and T rent System.— —This system | serves the district 
2 "bordering the north shore of Lake Ontario between the territory on the west — 
by the Niagara and Georgian ‘Bay Systems and that on the east served 


by the St. | Lawrence and Rideau Systems. The > nucleus ¢ of the 


of Ontario on March 1, 1916. Since June 1, 1916 have 
ee been operated by the » Commission as Trustee for the Province and the system 
Zap has been greatly enlarged to meet the constantly growing 1 needs of the 5 district. = 
power supply for the Central Ontario and Trent System is obtained 
from nine’ power developments situated on the Trent and Otonabee Rivers, 
: which have been made i in conjunction with dams required for navigation Paige 
= poses. Two o of these are new developments now (1925) 1 under 
‘Dams Nos. 8 and 9. The area served by this system ‘is about 

a population of 145000. The load supplied i is about 45 000 hp. 
Nipissing System.—The Nipissing System comprises the Town of North 

and certain ‘small municipalities south of Lake Nipissing. It was 
chased together with the Central Ontario System by the Province in ‘1916 
has since been operated by the Commission. It is supplied with power 


from two hydro-el electric developments on the South River at Nipissing and F 
with 


Bingham Chute. ‘The area served by this system 1 is about 700 niles, 


popalation of 500. load ‘supplied is about hp. p. 
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POWER DEVELOP MENT IN, 


nod CoNSTRUCTED BY THE Commission. yee, 
In addition to. the systems purchased several noteworthy hydro-electric 
developments have actually been ‘constructed by the Commission. Early in 


= on the application of a number of municipalities in Ontario County 


pe 


4 


situated on the east side of Lake Simcoe, ‘the Commission made a thorough — Po 
survey of the available water por powers in the district, and recommended a a site” pl 
Ce Wasdells Falls (Fig. 2), on the Severn River, about three miles below Lake % 
 @Qouchiching, as being the most economical for power 
marked a new step in the progress of the policy of Qn Cdennledions in that 
it was the first development constructed by it on behalf of municipalities. 
e Work was commenced in J uly, 1913, and the project was completed in, Sep- ge 


The detailed investi 


te 


after construction were to ret 9 


SECTION THROUGH POWER HOUSE 


~ WASDELLS FALLS DEVELOPMENT 


"THE SEVERN RIVER NEAR 
WASHAGO, ONTARIO > ; 


ute 
= 


espectively. for difficulties to ‘this. extremely 


head, all the inherent features of the ate ‘were favorable for development. 
The natural formation is solid granite, affording an excellent for 
the superstructure. ‘N00 ab cavern wis 
The dam substructure and superstructure are constructed 


git 
einforced | concrete, and | ° er no special features of design. The two 3 ‘main 


urbines are of the vertical double-runner type in open- ous settings, and 


: ich runner is provided with a separate | draft- -tube. The units are designed 
Wa mie e ene ata speed of 90 rev. per min. under a head of 12 ft., ae 
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‘POWER DEVELOPMENT 18 ONTARIO. 


a guaranteed capacity at three-quarters gate of 600 hp. ing 


a under a 9-ft. head at full gate, the guaranteed capacity is 500 h. wif The guar- + = its m 
Dictate efficiencies vary from 75 to 85%, for gate openings of from. 50 to 10 . 


Lon 

per cent. The main generators are of the vertical, 3- phase, 60-cycle type, anc and i pipe 
each is is of 400 k ky-a. a. capacity with the usual guaranties and ‘specifications, ‘ 


sie The second development “undertaken: by the Commission, , situated on 


% oe escarpment near Georgian Bay, in the County of Gray, and designed to serve are 
_ the municipalities in the Owen Sound-Durham District, was commenced in ie pid 


uly, 1914, the initial development being completed in November, 1915. The tl 
oe. unique features of this plant, known as the Eugenia Development, areth fF; 
‘arrangements for maximum economic utilization of the run-off the 


area, and the high head under reaction turbines are used, 
‘The development “consists “essentially of storage dam on ‘the. Beaver 


River, about 4 mile above the Eugenia ‘Falls forming a reservoir, a canal, — 


 § 000 ft. long, a forebay or settling basin, two wood-stave pipes and steel pen- 
stocks, and the power-house. The gross head under which the plant operates 


is 552 ft., of which 50 ft. is obtained from the storage dam and the — 


‘from the natural fall of the river, 
The ‘drainage area is 74 sq. miles, m uch of which i is ‘tamarack and cedar 22 
wamp; the 1 run- off is remarkably ¢ constant, ‘due partly.t to this s fact, and of 

to the geological formation. escarpment is Lockport dolomite underlying 


2 Gabatese limestone, the whole overlaid with thick be beds of morainal bodies, 
a - gravel, and clay, and this top covering fo forms a vast natural equalizing reser- 
voir. The rainfall on the drainage area ‘(about 39 in. per year) is above the 
: normal for ‘Southwestern Ontario, since the water- shed lies on the high plateau 
between Georgian. Bay and Lake Ontario. The storage provided at the 
_ together with the natural regulation of the stream, will furnish a run-off of ‘ 


about sec- ft. per ‘mile the year. Ae recorded from 1920 


the minimum is 0.27 sec-ft. per sq. mile. 


The main storage dam, or Dam No. 1, is a 
the Ambursen type. total length Pas approximately 1 900 ft., whic 


of the pie off to ‘he top of the crest at the highest peng ‘i The crest of the 4 SS 


spillway is at Elevation 646, and its length i is 103 ft. maximum which 


Oe. is flooded. This ‘upper 8 ft. is controlled by flash- pour , and the cae 


_ gained by this means is 190 000 000 ' cu. ft., while the total | ‘storage capacity Se ‘ 
< of the dam is 780000000 cu. ft., or about one-third of the total flow of the 


canal connecting the reservoir with the head- works is constructed 
an trench pro by a wooden boa: flume at points subjec t 
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POWER DEVELOPMENT IN NTARIO. 
— 
dam —_ an opening in ihe: valley. The length of this dam is about 800 Rie 
a its maximum height, 30 ft., and its width, 10 ft. at the top, with slopes of . 
eae {on 3 on the water side and 1 on 2 on the lower side. _ The two wood- — 
_ pipe lines are 46 in. in diameter and about 3 350 ft. in length, ‘ending i in surge ie 
- tanks located at the brow of the escarpment above the power-house. to ie 
leg The wood-stave and steel pipe lines are re joined by head-blocks, from which 
_ risers, 40 in. in diameter, connect. with surge tanks, which are designed to aa 
handle without spilling a complete | shut-down of the plant when all units 
, The steel penstocks are 52 in. a diameter, 1 557 ft. in length, and vary 
from in. at the upper to in. at the lower end. The 
girth se: seams at the ) top: are single- “riveted and at the lower end double-riveted; _ 
the longitudinal : seams are are triple-riveted, double-butt strap joints, with Tivets 
varying from 3 in. to 14 in. The penstock rests on concrete saddles 20 og 
4 “apart, and rides 0 on steel channels bent tc to the « outer radius of the pipe. Four ey 
- gonerete anchors are placed at. changes in grade below the head-blocks; at 
a the « ands of the first three anchors are expansion joints of the stuffing-box hee 
The penstock is housed for about one-half its len as protection 


sion has the Project on the Niagara River. As 
* = mentioned, the supply of power made available by purchase from the aye 


Power Company at’ ‘Niagara was fully in use, and the Commission 


was faced with the menace of an oncoming power shortage. 


about 1918, ‘and was pronounced until relieved i in 1922 from. this 


To the rowing demand for electrical energy for industrial purposes, 


Commission, in 1917, ‘commenced the Queenston- -Chippawa Development. 
2 This plant was designed originally to utilize the surplus water that was avail- — e: 
able from Canada’s allotment of 36000 cu. mu. ft | per sec. under the Boundary 


_ Waters Treaty, but ‘when the Commission purchased ‘the Niagara plants of fats 
the Ontario Power Company and the Electrical Development Company ‘the 


“3 “size of the projected new Queenston- -Chippawa pla: t was increase d from less 
than 200 000 h.p. to about 450 000 and to 550 000 


one ‘under 
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 o Two of the generators are rated at 1411 kv-a. and one at 2 800 kv-a., all a “oe 
oad 8-phase, .60-cycle, and 3 800-volt. Based on the machine ratings the 
capacity of the whole development is7T500 hp 
— 
— 
i 
— 
: 
Mauch efficient conditions; that 1s, in 
the available water could be used at nearly double 


ua The general wa opn . 8) comprises an intake structine 


to the forebay wad screen-house, , which are on the cliff about 
a south of the Village of Queenston, and the construction of the powerittlle he 


Throughout the period of preliminary study and, later, eb tha 


continuous use was made of models of the various structures ‘in 


4 order that the mathematical analyses be augmented by actual demon- 


strated by the obtained. The tests already made indicate 
- that the over-all efficiency secured is at least as high as has ever before beeh a 
_ ‘True conservation of the waters of the Niagara River for power! pur 
poses demands that practically the whole fall of about 327 ft. between’ Lake 
aa Erie and Lake Ontario | be utilized. The various power plants now operating * 
at Niagara Falls utilize heads of from 130 to 210 ft. only, and with widely — 
eos different degrees of efficiency. The Queenston- -Chippawa power development, — 
a. the first unit of which was placed in operation during December, 1921; will 
5 > shove a normal operating head varying ‘from 294 to 305 ft. when the instal- 
lation i is complete. ‘The conservation of head ‘effected by the reduction of 
losses. to ‘minimum (Fig. 3), and by refinements in the ‘design 
s “of the various essential elements of the project as a whole, has resulted i in 


‘power development which is believed to represent the, best in modern engi 


- Te an The present installation will consist of of nine 55 000 to 65 000 hp. t 
Es units operating ¢ at 187.5 rev. per min. The g generators” are of 45 000 to, 65.000 


ae. -a. capacity at 12 kv., 3 phase, 25 cycles, with an ultimate aggregate capacity 
of from 450 000 to 550 000 h.p., depending on the water levels. i 
energy is stepped up from 12 to 110 ky. for transmission, = 
__ Intake. —One of the great obstacles to the continuity of | service i is ‘the entry 
; of i ice into the canal. Great fields of j ce, formed in Lake Erie with its shallow 
; Bae and sloping shores, are discharged down the Niagara River every spring, 


kt and at frequent intervals during the winter. The river itself ‘never freezes ¢ over, 


but considerable anchor and frazil ice are formed at times of low temperature. & 


The site site of the intake of the e Queenston- Chippawa power development, at 
wy the m e mouth « h of the Welland River, is ‘favorable i in that floating ice does ‘not = 
2 5 # ordinarily follow the shore lines at this point; but ¢ the smooth gradient of the 
aa river surface, and the ‘comparatively shallow water with its low velocity, a 
unfavorable to the proper handling of ice. 
~The removal of water in large quantities from 4 river heavily charged with 


ice is always a a difficult problem, but i is pti simplified when @ a natural -— 


lt 
— 
— 
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nds in the canal, the transitions (that is foreba 
intake, the ), the diffuser at the mouth of the forébay, 
occurred in the canal), — 
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BE for the separation of floating ice, and for its continuous disposal. The use P =) 
ofa horizontal diaphragm to skim the surface water, with its burden of a 
jorge the lower strata, thus permitting . the upper water layer to be accelerated — 


and removed clear of the intake without objectionable eddies, while the lower ro 
“ layer, free of ice, is changed in direction and flows through the intake into 
new channel, gives a positive and satisfactory solution. 


observation by the engineers of the Commission in connection w with 
2 plant operating on the Niagara River, an extended series of tests and experi- 
on large-sized models we was made. ‘These models duplicated to scale the 
- topographical conditions at the site of the intake and resulted in a design 
“which, it is expected, 1 will operate in such a manner to keep the 
The complete intake structure (Fig. 4 4) is about 110 100 in length and is 
made up of an entrance , with lock- gates for navigation, a bulkhead a 
and the intake proper, the 1 latte 
ever, by means of drop-gates can be increased to any amount up to the full 
depth of water, or 35 ft A submer zed intake—which has not yet been 


4 
openings each 18 ft. wide, normally 8 ft. of 


‘struc ted—as designed « consists of six gathering tubes or draft distributors, aggre- 


eatin 675 ft. in length. Water will enter the tubes” on the up-stream side : 
o slots along a distance of 500 ft. (Fig. 4, Section A-A). These tubes wil Ale 
be controlled by gates similar to those on the surface intake—air tubes com- 
prise ‘an outer tapering section wherein: the veloc ity is maintained constant, 
with: a longer i inner section ft. i in diameter, w erein the velocity i 


: 
‘already been constructed as part of the intake 
submerged tube section of the intake was designed as an ultimate 
Misteen | against ice, ‘and its installation will be undertaken if it is found et 
_ that the existing construction proves inadequate; to date (1925), it has satis- 4 re ee 


ei 3 The Canal. —For many miles above its mouth the Welland River is a slug: es 


valley. aed 4} miles this stream forms the first reach of the canal (Fig. 3), sae 
and its low banks provided a suitable disposal area for much of the a 
excavated i in the process of straightening and deepening the channel. Leaving 
the river channel 1 near the crossing of the Michigan Central Railway, “the 
 ¢anal takes a course almost due north for more than 3 miles. The earth ‘over- 
_ burden is quite heavy on this stretch, the e bottom grade of the earth section es 


the canal mee meeting the ro rock surface.1 mile from the Welland River. The 
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not coincident with the maximum earth surface pers 

ation, but the profiles of rock and e arth surface. are T roughly ‘parallel to 
each other. The five bends in the canal vary in curvature from 27 to 51 d : 
One depression ‘that is crossed (Bowman’ Ravine) is apparently an old 

river ¢ channel through which, in pre-glacial times, the Niagara River flowed 

toward Lake Ontario. Atithe time the c construction started this old channel 
= the course of a small stream having its outlet at the ‘Whirlpool. ‘The i 
4 ravine ‘crossing is made on a fill and the vall ley itself pr proved a. a convenient dis : 


posal area for about 1 500 000 cu. yd. of excavated material. pet 4 


tions were made to determine factors of roughness for rm canals ephge 

_ and rock, with and without concrete lining. One of “the conclusions reached 
em the Kutter formula should be used. The roughness factors used 
te in the hydraulic studies were 0.035 for the river section and 0.012 for ‘the 
Control —An ‘electrically-operated 1 roller “shuice-gate (Fig. 5) of 
i —the full width of ‘the rock section—is located at Station 


_tageous, as it an unobstructed 1 waterway with a consequent ‘reduction ax, 


mechanisms and two counterweights. When the gate is at the top of its run tox 
- it is high enough above the wa water surface in the canal to , permit + a tug to pass 
of the Whirlpool, 
on a seek All, ‘the crose- the canal being changed from 
= a rectangular section 48 f ft. in width to a trapezoidal section v with @ bottom aoe 
“width of 10 ft. and side’ slopes of 1 on la (Pig. 6). ‘This was’ designed to 
give as great @ cross- ‘sectional area ¢ as the rock section has at the extreme 
minimum v water level. The Whirlpool Section is lined with reinforced ‘eon- 

a -enete, _ In order to withstand the pressure of the back- -water when the canal i 
is em tied, the lining is provided with vents of sufficient ‘size’ to drain ‘the 
‘fill as quickly as s the water be drawn down in 1 the canal. bite 3 a 
 Conerete Lining.—Economie considerations prompted the lining of the 

rock section of the canal with concrete (see Figs. 5 and 6). - ‘The height of 


the lining 1 was fixed slightly lower than the profile of the water surface exi exist- 


Niagara River is at a Thus at all times the lining will be 
Protected by submergence against the ‘action of frost. of the 
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rate weions ano tons and is provide with two hoistine 
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@ necessary, steel dowels were used to anchor the concrete lining to the rock, 
Extreme smoothness of surface is not the only determining factor, precise 
being also a most important element in the reduction of hydraulic 
j losses! Great care was taken to obtain a smooth surface by the use of steel —__ Bag 


This insured almost perfect eslitong 
‘Screen House—At the lower end of the forebay, ser serving asa 
sereen 1 house (Figs. 7, 8, ‘and 9). This structure forms the entrance, and the 
gontrol, for the penstocks. The entrance to each of the main penstocks i is 
modified bellmouth consisting of three openings, e each 12, ft. 8: in., wide. and 
29 ft. high, at the rack supports. These three openings gradually converge i 
into one opening, 16 ft. in diameter, at the point of connection to the pen: 
aa stocks. In designing these water passages, ‘particular care was taken tos secure 
smooth stream lines and consistent changes in velocity. The bellmouth 
entrances are sealed | by a concrete curtain- wall extending down to Elevation | : 
$42.0, which gives a depth of 28 ft. above the floor of the forebay. ome ; 
liately behind the curtain-wall, steel-lined gate- -checks are provided to support * 
structural steel gates.. These ‘Snes apeiiiias a means of unwatering in case 
a it is necessary to inspect the lower sections of the racks, OF the main 
i ‘The intake is divided into three waterways to reduce the : spans for the gates 
a ‘to a ‘convenient size and also to permit the use of racks of a somewhat new 
¢ “design. Thee entire rack structure is removable a and is split horizontally into 
two sections for convenience in handling. A specially designed rack follower 
* with an automatic latch. arrangement facilitates the removal of the. e racks... 
nie screen house, as constructed, provides for. nine main units, a service be 
be; added at “the north It. is near edge ofthe 
marrow ledge of rock being left between it and the gorge. Owing to 
a& astrous results that would follow a a failure, the screen house substructure was 
= designed to resist the 4 full head exerted by water in the forebay. ac aae agate i 
“4 | oiPenstocks:— —From | the sereen house, the water is carried to the turbines 
in steel. penstocks (Fig. 9). The first five main unit penstocks are 16 ftcin 
diameter x for approximately two- -thirds of their length, and then. reduce by — 
taper section to ai diemeter of 14 ft. The remaining are 16 


top end at the bottom. These are are held iz in massive concrete 


log blocks, the one at the upper bend forming a foundation for the piers suppor . 
and ‘Toadway extending along the edge of the ¢ 


 -Tiveted at the top to quadruple riveted at the lower end. ‘The 


- joints are single butt, double riveted, with the butt strap on the outside 


_ oThtiongitedinal joints are caulked on the inside, but the circumferential — 
joints are made water-tight by electric welding. ‘This type o of cireumferen- 
tial joint gives a much better alignment to the inside of the pipe than cam be A 


obtained with the usual outside and inside course with lap joints. The 
vary in thickness from 4 in. at the top section to 13 in. at the lower s 


In the erection n of the penstock, an innovation was tried, namely, the an c 
electric ‘Fivet at Each penstock is its with 
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concrete a minimum of (241 in., protection which 


Transformer Station. .—The generating and transformer 
station is situated below the . escarpment and close to the river’s edge, extend- 

- ing, about one-half the distance to the top of the escarpment (Figs. 7, 8, and 9). ] my 

is _ The structure required to house nine main units and the service equipment — Es 
p or 650 ft. long. ‘The substructure is of massive concrete carried down to rock | 
foundation. The superstructure consists of a structural steel framework with 


minforeed concrete floors and roofs, and conérete, brick, and tile walls and 


Turbines and Generators. —Each turbine a capacity of from 55000 


65 000 b.h.p. under.a 305- ft, head, at 187.5 rev. per min. © The draft- tube 
for Unit No. 1 is of the common curved type modified at the rekie ‘wheress 


Tea, % 


TOP 


—Each of the present units is rated at 45 000 
. factor, 12 000 volts, 3 phase, 25 cycles, at 187.5 Tev. per min. They are capable 
of being operated continuously at 49 500 kv- with either voltage or current: 
10% in excess of the rated values. The units are. vertical (Fig. 9), with 


direct-cc connected shunt- field commutating- -poles, and 250-volt, 150-kw. 
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POWER DEVELOPMENT IN N ‘ONTARIO 


all of te generates is slightly in excess of a ‘power 
factor of 80 per cent. ‘The thrust bearing is "designed to support a of 


1000 000 Ib., which is ‘slightly in excess of the weight of the fotor plus 
hy ydraulic thrust” imposed’ by ‘the turbine. Upper and lower’ guide-beari 
are provided, the latter on account ‘of the length of the shaft and ‘in ed 


Gratifyin ying “results “were “obtained” in testi ng the ‘turbine and generator 


was made on March 21 and 22, 1925. The electrical 


ments. “were ‘made by. carefully calibrated electrical ‘instruments. Sufficient 

gant readings were taken to compute the generator losses and the turbine | by ia 

as taken as the sum of the generator output plus generator losses. The 
measurements of water consumption were made by the Gibson pressure- time 


Process, detailed description of w which has been published. ad 


| 
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age 


Percent 


NIT QUEENSTON GENERATING STATIO 


Head, 294 Feet Speed, 187.5 R. 
Maximum — 


oe Thousands ‘of Horse- Power Delivered to Generator Shaft 


™ The outstanding points in the results of the test (Fig. 10) are as follows: 
maximum turbine efficiency of 93.8% 55% of full gate-opening 


and 42 210 h. ee output. This is probably tk the highest efficiency a 


A’ maximum turbine output, at 


its 


ory.—At the head of the e Great ‘Lakes lies ‘the Thu Bay ‘System 


of the Commission. Tn this territory. are the important cities of Port 
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POWER DEVELOPME MENT 


Fort William. Tributary” to these communities is an extensive territory 3 


ich in natural resources, the development 0 of has only awaited the cher 3 


~The growing nd for power, made it necessary t 
- provide 4 for further supply. The results of the activities of the various munic 
ipalities in Niagara District prior to 1 1906 and the creation of the Com 
inspired the ‘city, y officials of Port Arthur to seek a ‘solution ofits 
"power problems along lines similar to those » adopted by Niagara municipalities. 
Subsequently, the Commission n purchased po power r from @ power | company 0] oper- ; 
ating in the district and, later, when this source of supply was beginning to 2% 
prove inadequate, the ‘Municipalities of Fort William and Port Arthur entered ‘ 
jnto agreements with the Commission for r additional power, with the result =e 


hel the Commission made a ‘thorough canvass of possible new sources of — 


Pia large quantities ‘of: power available - from the Nipigon River, if devel- eens 
4 oped, , would permit the conversion of great supplies < of pulpwood into paper iy 
at ‘satisfactory costs and the opening up of the mineral and other'r resources: 
of the Thunder Bay District. In view of this, and as a result of the investi- 
gation, Cameron Falls on the Ni ipigon River was selected as the site of oper- — 
ations, and construction was started in 1918. to 
Hydraulic Data—tThe elevation of Lake Nipigon is 850, and that of Lake ~ 
z * Superior is 602, giving a a fall of 248 ft. between’ the two lakes, along the i 
‘ igon River, in a length of about 82 miles. There are four main power sites — 
‘on the he river, the upper two of which may possibly be concentrated at Pine 
Portage, where a head of slightly more than 100 ft. could be » secured. ‘At Z 
Cameron Falls the head is 78 ft., the head-water level extending about 12 a 
niles back to Pine Portage. About 2 miles down stream from Cameron Falls, 
= at Camp Alexander, is the remaining ‘power site, where a head of 60 ft. is avail- 
& able between the tail-water of the Cameron Falls plant and the level hale 


4000. cu. ft. per sec. to a maximum of 18 cu. ft. per see. From records 
to date the e mean flow is approximately ¢ 6 500 eu. ft. see. 


oo the erection’ of a concrete control dam, now almost completed, at the 
Outlet of the lake, the total run-off ean be stored in the lake and used as $ 
‘required to meet the variable seasonal load on the e plant. ~The capacity of 
= huge reservoir for each foot of depth is equivalent to a flow of 16000 1s 
en. ft. per sec. for 1) 1 month, so that a variation of 4 ‘ft. is sufficient to_ give 


complete regulation 0 of ‘the flow; this variation can ‘be obtained between the 


undeveloped water powers, had embarked in the usiness 
- 
| 
— 
: trolled by a ridge — 
the outlet about 150 ft. wide marking the begi 
at the outlet about 150 ft. ir, the riverhasa 
would be expected with such a large x 
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POWER 


‘hon 


= at the lower end of Lake J essie, which is merely of 

aan 

River that floods back through Lake ‘Maria to Pine Portage, adi 
ar tance of 12 n miles, a large still reservoir is created. ‘This area freezes over 3 
J ‘the early winter, and, by thus providing ice cover until the 


break- “Up, prevents the formation of the troublesome frazil and anchor ice. j 


be 


head has an area of ‘more than 4 4 sq. miles, | and g gives 


‘storage to provide for the weekly load on ‘the plant, with a 

in the head-water level of less than 3 ft. 
At ‘the location chosen, Nature has provided a convenient site where ‘~ 2 

‘power, works be concentrated a small area. The power ‘plant 
made possible by the ‘construction of a dam across” the Nipigon River, and 4 


excavation of short head-race and tail- l-race cl ‘channels across the point of 
land formed by ‘a bend in the river. 


les Power- House.— —The main dam is a concrete spillway structure, provided “ 


~ 


eight sluice- ways. Regulation is obtained by  stop- logs, and wing- -walls 
on either end extend the crest to the required contour level. ~The stop-logs 


in the sluice-ways a are raised or lowered by. an spud- winch, 
—— moves along an operating deck over the top of the spillways. The total j 


length of the dam i is approximately 800 ft., and the maximum height in | the ; 5 
eenter is 67 ft. In addition to the main dam, five earth- fill 
and one timber crib dam were required. to S09 
ope 


The forebay occupies an opening in the natural rock walls of the river 
approximately 300 ft. long by 263 ft. wide. The power-house, containing six 7 
12 500-h.p. units, is of the concentrated type of reinforced concrete construe: 
in which the head- works, supply pipes, and | power-house all form part of 
; 7 the same structure. The inlet for each unit consists of three sections 35 ft. 
-high to the under side of t the curtain-wall, by 10 ft. wi de. Integral steel racks 
sections to permit easy handling are , installed i in these openings, inside the 


_head-works ; through t them the maximum velocity i is approximately 2 ft. persec. 
i = the racks are the head-gates, three gates for each unit, the two outside ae 
a ones being of the sliding type and the middle one a free roller gate which acts — 


as a by- “pass in or emptying the supply pipes. Each gate is i ft. wide 


Ahead of the racks head-gates, stop-log checks are ‘provided for 
Zz in unwatering the racks or gates, should this be found necessary. It was s 


__ eonsidered essential i in this climate ‘to house the racks and gates in a building — 


mally ‘Power in more northern latitudes has 
“found, even under severe climatic conditions. veal ban 


—— 


— 

u. ft. per see, under 
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— Came ___only prevents ice being drawn down under the curtain-wg t also gives @ a 
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is 86 ft. “The supply pipes, which are of are. reinforced for 


ternal water pressure, and for loads from above when empty. The techind 


seroll cases. are also of reinforced | concrete. Although the reinforcement 
quired for this head was necessarily heavy, no difficulty was experienced either 
a the design or the construction, and by proper care at construction joints, i ‘ 

pipes. are remarkably free leakage. Ample drainage is is provi ided in in the 
_ turbine case to handle ‘the leakage from the head- -gates. The units are spaced 
at 45-ft. centers. _The draft-tubes are of the elbow type, the upper section hay- 


‘The tail-race, about 1 000 ft. tone by 195 ft. wide at the water line, is an 
‘across t to the smooth water in the river below the falls. Is. The ‘upper 


g section near the power-house is in rock and the lower section in 1 earth, a rock- 


Turbines.—The turbines are of the Francis, single-runner, vertical type, 


a rated at 12 500 h.p. under a 72- -ft. head, and operate at a speed | of 1 120 1 rev. 4 
Aww The guide- -bearings for Units Nos. 1 to 4 are of the Lignum- vite, water: 
tubricated type, and those for Units Nos. 5 and ¢ 6 of the oil-pressure, babbitted 
type. The governors are supplied with pre pressure e from a central pumping plant — J 
» having duplicate centrifugal pumping units with capacities of 650 gal. per min. Py 
The water used f for the operating f fluid, a smal] quantity of 4 
Construction —Due to the location of the development considerable work 
a preliminary nature was found necessary. This ineluded the -construc- 
4 tion of a a temporary power plant, of about 1 mile of railway, including a bridge ae 
| the Nipigon River, as well as of various camp buildings. ‘The temporary 
power plant consists. of two turbines obtained from an abandoned plant, which 
were utilized to drive one 350-kw. generator and three 300-h.p. air compressors. ; 
Nipigon River is justly famous for its trout fishing, and to help pre- 
serve this sport: a fish- ladder has. been provided around the west end of the 
a -house. This i is of timber construction, about 400 ft. long. The 


‘ of the ladder was approved by the Provincial Game and Fisheries Departmen 


: IN The Commission, in compliance wit applications from municipalities in 
wh 


at is known as the Central Ontario System, negotiated the purchase of the “ 


‘Commission has since constructed additional | developments. 
2 _ The first of these new plants was located at what is called Dam No. 10, 0 ,Or Shae 
Ranney Falls, on the Trent Canal, near Campbellford (Fig. 11). In the con- peck pee 
struction of the Trent | Dam No. 10, the 
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| § six generating plants with a total capacity of about 27000 hp. Totakecare 
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BY 


. Tt is through these abies that the water is obtained for ees the 


gist ,storonoo to ‘oR. wigqua if 


The regulated canal level at this ‘point is 4 477.0 (sea- -level datun m). From ¢ “4 
eee power- -house, the tail- race, 30 1 ft. wide, “extends | 275 ft. to the Trent River, the 
level of which at its junction with the tail- “race is 429. 0. The forebay is 116 SS 


aie wide by 12 ft. deep, at the intake. ¢ The side-walls converge, and the toy 
increases i in depth, until at the “house the dimensions are ft. wi 


An open 124 ft. long, ¢ connects the sluices with the power- 


i 


ft. This design is conducive to low velocity at the racks: ex 
The gate- house substructure (Fig. 12) is a block of reinforced 
84 ft. . by, 30 ft. in plan. _ There are ‘four ‘entry ‘chambers, two for each unit, 4 

oh ft, wide. The racks are at the head of - these chambers, and are built of stru 


™ tural ‘steel i in two sections. In ‘the center pier r of the gate-house a 5 bys 
chute is provided to carry off any ice or other floating material from 

RANNEY’S FALLS DEVELOPMENT 


ia edition 


a Property Line Hydro Electric Sluiceway for Northumberland 


type, the other of rolling type. . The are 0 of reinforced 


concrete. |The double supply pipes converge at the bottom, leading ‘the wate 


“tothe turbine scroll eases in in the proper direction, with minimum eddy Joss. 


_ The two turbines are of the vertical single- -runner _ type, each direct 
to a 4 500- ‘ky- “a. generator, , and have a a rating o of 5 000 ) hp. at 10 


rev. per min., when operating under 47- ft. head. ‘The two generators are re each — 


normally r rated at 4500 kv-a., 3-phase, -eycle, 6 6 600- -volt, 120 1 rev. per min, 
at 80% power - factor; but are capable of carrying - 5800 kv-a. at ; 80% ‘power 


with cooling air an temperature of 15° ° cent. to ‘a0 
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Gener elopments recently ‘placed i in operation 

the Commission at Dams No. 8 and No. 9 near Campbellford, contain some 

interesting features, in that they. are automatic and. operated by 

equipment. ‘This enables their operation to be carried out from the central 
‘station a at Ranney Falls, which is located about 1 mile from Dam No. 9 and 3 el i 

niles from Dam No. 8. It is felt that this remote-control feature will’ effect 

Cid considerable saving in the cost of operation for # these two plants, which cost = 


in the case ~y smaller developments, is is an ap appreciable factor in the cost of 


Tar 


RT Fic. 12.—Cross-SECTION, POWER- RANNEYS FALLS DEVELOPMENT. _ 


Ps he The Trent River is a canalized stream forming part of the inland water- oe 
way between Georgian Bay and Lake Ontario by way of the Kawartha Lakes. 
_ The three main interests making use of the river—navigation, lumbering, and 
Sm considerably in their flow requirements, but a regimen for = 
control of the flow has been established, which serves as a basis for the oes 
tion of ‘generating equipment. The regulating dams were constructed several 
ie Works and the variou: power 
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POWER In ONTARIO 


across: the river immediately up stream from the Island, being ps 
thereto by a concrete core- -wall. Dam No. 8 is situated on the E East Branch 


about 2 miles down stream Dam No. 9 a short distance from 


‘The minimum regulated flow down the East Branch at present (1925) 


om _ available for power is 1200 cu. ft. per sec., about 200 cu. ft. per sec. being =; 
allowed down the West Branch to satisfy riparian owners, but it would be pos- 
a =~ a to increase e this flow by means sof storage, to 1650 cu. ft. per sec. . The net 
head a at Dam No. 8 is 32 ft. and at Dam No. 9, 22 ft., anda flow of 1 650 cu. mS 
sec., at the load factor under which it is intended to operate these plants, 
i> - ame a capacity « of 6 600 h. p. at Dam No. 8 and of 4 800 h.p. at Dam No.9 | 


§.—The generating plant at Dam No. 8 consists of three 2 


arin 


hp. units situated in the three most easterly | sluice-ways. _ These sluice-ways 
are 20 ft. wide, the piers being 6 ft. thick, thus fixing th the spacing of the units 


‘ft. to center. A considerable sa saving was effected by using | the 

i. existing dam st structure as a head- works, , cutting s slots for the racks i in the sides 4 

5 ae of the piers, and extending the piers down stream to form the draft chests. In : 
x ease one or more of the units are unwatered, the original piers would be subject | 
to side pressure, and, although the piers rs were considered to be saf eas regards 


bending (on account of the low ratio of span to thickness), it was necessary to 


care of of the end r reactions. was accomplished at the bottom by pouring» 


ee concrete te pad i in the floor of the four end sluice-ways, and at the top b 

An drilling through the piers and tying them m together with 2-i -in. . tie-bolts and steel 

plate washers, which were afterward conereted in. The heavy loads on on the 
= turbine floor were carried on a structural steel framework composed of two 4 


a girders spanning between | piers and two wo I-beams framing into them on 
either side of the draft-tube. This method of construction, it was felt, would 
AS, ‘added ‘rigidity and , besides. s facilitating would | be “cheaper 
than the usual flat-slab system of reinforcement. The same method was used» 
& Meg to support the generator floor, which also carried heavy loads, and was sub- 

vex ig ject to considerable vibration. % This floor had to be reinforced also for upward. 
ae _ pressure. _ The draft- tube bell was constructed of steel Plate | bolted to an upper 


east ~~ section and fastened 1 ise in yer at the lower e end to the tail- race 


ge 
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HOOF, was provided for each unit. Stop-log checks for u 
_ tubes were provided in the tail-race piers. af 
The tail-race, which is an open cut in the river bed, 33 
deep in the average, extends down to the foot of Meyer’s Island; more 
q = ft. from the power-house. Ordinary methods of rock excavation were 
oo . used in taking out this cut, which was in solid limestone, and, although the < 
— sides were necessarily rough, the bottom was comparatively smooth, as the petits S:! 
stone strata were approximately horizontal. The roughness factor as 


POWER D DEVELOPMENT 


at used i an the 


write 


a3 dm across Meyer's Island to the West Branch of the river, instead of allowing es 
‘them to flow | down the East Branch, thereby reducing the deposit of material 
im the tail-race cut, as well as avoiding some loss of head. _ This diversion ais ; 
necessitated the construction of a gravity retaining wall from the we: west corner 
; of the power- -house over to the Island, a distance of 220 ft., and a rock-filled ag 
timber crib and rock-fill section from n the en end of this retaining wall along the Sc 
east side of the Island for a ‘a distance of about 1500 ft. ae eee 
hydraulic equipment consists of three vertical ‘units, i in open- lume 
setting, each ‘unit being rated at 2200 h.p. p. ‘under 32-ft. head. These turbines 
are ret reaction runners, and operate at 150 rev. per min. The governors are of the ie F 
type, and as the piping for the three units is interconnected, a 
> as one pumping unit is of sufficient ‘capacity to operate two units, it is felt tag ‘ a 
4 that no trouble will be experienced from this source under operating conditions. 
‘The » noteworthy feature about this station is the installation of automatic and “Seet 
. remote-control equipment to enable the units to be operated from the Ranney iS apt 
\ ; Falls Station. The additional attachments to the governors include a solenoid a x 


Which may be energized or and a synchronizing motor which 


to be controlled from the remote station. 
— Dam N o. 9.—The layout at Dam No. 9, where also the generating plant a 


i in three units, while similar to that at Dam No. 8 in 1 many ways, has. some “a 


essential points of difference. Five power sluices, each 20 ft. wide, had been i . a 
"built i in the side of the e canal, just up stream from the canal lock, to ; accommo- 


‘date the turbines. _ However, as the piers were y only 4 ft. thick and the oll ‘ 
showed some signs of disintegration, it was considered inadvisable to adopt a 


- power- r-house layout. adjoining these piers as at Dam No. 8. An inner 


ee q 


An inner 
therefore was provided by constructing concrete wing-walls, and the power- 
a house was located about 25 ft. down stream from the existing sluices, This ¢ co 


‘ layout necessitated the construction of a to 


= 


tion was made possible by the fact that the ‘surface was above 

_ the floor level. The units were spaced at 30-ft. centers, which gave a noe 

span for the generator floor slabs, but the loads from the weight of the machines 
Were lighter than at Dam No. 8. i The draft-tube bells are steel plate as at the 

other installation, but without comarete cones. Stop-log checks POR, 

provided i in the tail- -race piers for unwatering. 
‘The tail-race was excavated in the bed of the river and exten down to the ap 

: slack-water which is also the h head pond for r the Dam No. 8 ) development, ..T 
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cut is 1 400 ft. long by 40 ft. wide and id averages about 12 ft. i ane anal by 


out near the « end into two channels, or one on each side | of a small island. bei te 
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Bay: 
Eugenia Division 
i Severn Division. . 
Wasdells Division. 
_ Muskoka Division. 
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‘Bay 
Central and Trent. 


8 288 500 
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TABLE 2 2.—Hypro- -ELECTRIC Power Comission OF Province oF Ownatio, 
‘Cawapa. Summary or Capacity oF Pants, in Horse- Power, 


Niagara: 
Toronto Power plant 145 000 
Queenston-Chippawa plant. 440 000 (8 units) 500 
Power purchased from Canadian ia f 
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‘Thunder Bay 
Central Ontario and Trent 


The governor and piping is a duplicate of that at Dani? No. 


B the governors themselves having the same automatic and remote- control 
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Po Possibly’: it is too soon to state that these two plants, which are unique ae 

if e the largest of the remote-controlled t t constructed in 
a they are the largest o e remote-co: con ro ype yet constructe = a 


‘many “power sites: 


va range of economic feasibility, due to the s cavities that can be effected by the he 


In addition to the salient features of the more important of the generating 


serving the systems of the Commission already described Tables & and Pt we 
nt further details, When ‘completed, the p plants ‘under development by 
- the Commission will aggregate 1 000 000 h. p. The whole undertaking has been 
carried forward on the basis of municipal co-operation. The mu nicipalities 
financially responsible. for the undertaking; the Commiasion « on behalf of 
municipalities, and the municipalities: eonnection with their local 
tum have invested $275 000 000 in order to obtain electrical | energy at cost. 
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operating experience thus far is that the development of 
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is not any statement made. or opinion 
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ITH Discussion BY Messrs. J. C. STEVENS, 


Suarreny, J. SHEA, H. Dunn, Max Miuze, 


Now, MoOnosny, 


Many y plans for 


or the relief of traffic congestion aay on the general 


present roadways, 


the electric railways underground are ) among ‘the proposal made 


doubtful whether permanent relief from well be attained. 
ee has shown in a number of instances that new streets cut through — 
to relieve overcrowding on older streets soon become congested thee ef 
without a any marked diminution of traffic on the other “streets. Tt Seems, 
therefore, that the problem might well be approached from a different angle 


a By stimulating the more intensive use of present streets, a far larger volume 
of traffic could be moved through them wi 


tures on improvements. - 


1926. 
‘eng Associate es Electric Railway Journal, New York, N. a 


* Presented at the meeting of June 2, 
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< om the storage of private automobiles is is in reality neither a convenience to 


‘- the automobilists nor a benefit to the merchant. od The elimination of parking 
. ‘in congested districts would greatly increase the roadway available for moving — 


om vehicles. _ The use of attractive common carrier vehicles can be: developed to bias 
handle a large part, of the traffic now requiring single passenger or two 
“passenger vehicles. JA ‘material reduction in congestion will thereby be 


p effected without excessive cost. ‘The movement of all traffic will be oe: 


The problem thus created 
and of mercha ndise, 2 
for the transportation 9 f passengers by no means been. 
The volume of traffic be moved oven ‘a particular route in a given 
time ) depends on the effective size of the existing roadway and the 
a with which the available space is utilized. Broadly speaking, both c: Rey 
increased with comparative ease. To accomplish this, ait” of 
2 important arteries should be ‘made available for moving | vehicles and should ts) is 


be put to the most intensive ‘possible u use, In other ‘the efficient — 


"streets: can be increased for moving traffic from 30 to 200 per 

4 transportation survey of Washington, D. C., disclosed that 29% | of ‘the ee 

way area in congested districts was r reserved for automobile parking. . Ih other oa 

cities, where the streets are narrower, an even larger | proportion sof the road- 

_— is used for parking. Often parking is permitted on both sides of streets 
having aw width of 60 ft. or less between building lines. Dedueting two 12- 
é sidewalke, about 36 ft. of roadway is left. A row of Pe automobiles - 
a occupy an 8-ft. strip on each side. T hus, there remains for moving» vehicles 

only a 20-ft.. roadway, capable of eccommodating one stream of traffic i in 


parking. one-1 way streets it happens is. room 

_ for only a single stream of moving traffic between the lines of parked vehicles. § oe 
Under such conditions, the area | devoted to parking would approximate 
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IMPROVING | PASSENGER TRANSPORTATION IN STREETS 


check made of 18 leading stores in New York, N. +» during a buy 
shopping hour showed that of 35 252 customers only 813 came by private auto- 
or taxicab. came by street subway, or bus. _To 


eae by several minutes: the running time of street cars through this area. BS 


average savings are shown i in Table 1. 


 ; likely to be made by retail merchants whose stores a re located d there. Conall 


_ they contend that their business will be injured unless an opportunity is given 


"for customers to park their r automobiles | in the street in front of the | stores 
oe A preferable plan, it is asserted, would be to fix a time limit of 1 hour fo 


TABLE 1—Time Savep IN OPERATION OF STREET Oars, 


mes Number of cars Average decrease in time, 
durin maximum hou i i ds. 


81 


_ Such ¢ an idea is a fallacy. With parking parallel to a curb, a frontage 0 of 
ft. would accommodate 5 or possibly 6 automobiles at a time. If these 
Se 6 automobiles were replaced by another 6 each hour throughout the business — Se 
day, a total of 48 automobiles: would have been 
- they would not ‘carry 1 more than 1 actual customer per vehicle, and the net — 
result of 1-hour parking would be to accommodate about 50 customers during 
é ee the day. Re For a retail store with a frontage of 100 ft. . on an important street 
- this: ‘number of customers would be a comparatively unimportant part of 
ae, the daily business. N Analysis thus confirms the census taken in the New York 
fe stores, already mentioned, showing that the number of customers arriving 
by automobile was only a small fraction of the total. 
es Moreover, from the point of view of general traffic con: gestion, 1-hour park- ‘4 


care ing is just as detrimental as unlimited parking, perhaps “more 80 


es 18 toler. privt 
— the gen- ban 
transportation plan. Traffic counts made in various large cities, however, 
ng upward of 75% of the 
|. that public transportation vehicles are carryi ty 5% 
dist) 
int 
of private conveyances, relief from congestion by the of outl 
one of the effects of the passageofa 
would be a great boon. For example, one of 
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IN STREETS 


e ‘ta on account of the limited parking and there is also the added confusion yi Th 
to. automobiles pulling into and out from the curb line. an 


Eunaxamox or Wut Am Buses 


al @ontrary to a prevalent opinion, prohibition of parking in the congested HS 
districts is likely to aid business rather than injure it. br After the enactment t oe: 
of the no- -parking ordinances in Pittsburgh, already mentioned, ‘retail trade 2 
in the down-town district showed an increase in comparison with that of the 


outlying commercial centers. noviy af at to ‘A 
Baperience of Pittsburgh.— of the buying power of the Pitts- 


stores, are given in Table 2 by 3- month 
_ Industrial ‘depression caused the slight decrease e in all tl these figures for 1925 a 

as a iemageed with 1924. Iti is significant, however, that the retail sales. for the 

. entire district showed a decrease of 2.80% for the year, whereas the down- — 


By town sales decreased 0 nly 0.8 per cent. ml This indication that the down-town Bes 


Bletely that restrictions injure retail trade. 


1925 


d Three months ending "tp buying power: in district retai in downtown 


31, 1925 —8.1 


1.50 


_ bus Effects of Congestion. —Ina large number of « cases analysis. would undoubt- ae 
edly show that the volume of trade in down-town stores has not kept pace 
in Tecent years with the development of a community. The 1924 population ey 
of. a certain district, including a city of about 500000 people, with perhaps _ on) 
- 950.000 more in the adjacent suburban territory, represented nearly 130% of eo te 
1914 figure | (Fig. 1). Meanwhile, the wages received by the » average indi- 

er had increased to approximately 205% of those received in 1914. Thus, 

the total purchasing power of the ) district in 1924 was 266.5% of that before 

the World War. fyid of of visdit wt win add ban. 

$a Investigation of the volume of business of a number of ne 4 
7 down-town retail ‘stores in this. particular city showed that, in 1924, it was 


= only 240% of that (10 years earlier. Thus, it wil be seen that the growth — 


ivileves o is kind an absolute a 
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“crease. in the purshenine power (Fig. 1). On the other hand, in the case ¢ a 
ae particular high-grade store, about 3 miles from the business. center, ri 
volume of business is approximately 480% of that in 1914. 
ow Banks’ as an Index of Business.—. . realization of the remarkable increase 


y that has occurred in the outlying commercial centers during the the decade may 


a oa be had from a study of the locations of banks of deposit (Fig. 2). In 19%, 
ee <i ‘the number of such banks i in the entire area was 49 as compared with 37 in i 
a --—--:1914. ‘During these 10 years, however, only one new bank was opened in' the 
me. _ center of the city; all others were in the outlying districts. The zone from 


> - - mile to 2 miles from the center showed an increase of 4, as did also the seal. 
from 8 to 4 miles. A summary of this is given in Table3. » 


Figur res of this kind do not show with h mathematical accuracy the com- 


parative growth of business in the city center and suburban areas. Never- 
BOS “f theless, a bank of* deposit i is rarely opened i in a purely residential section, and 
= 


- its presence may be taken to indicate fairly the existence of a business com- 


munity. The surprising increase ‘that has occurred in the outlying sections 
illustrates clearly how business has sprung up during the past | ten years. 
TABLE 3.—SUMMARY OF Business DgvELOPMENT AS InpicaTED BY rot | 


an 


Between 1 mile and 2 miles.. 


= Shs 


= 


_Down-town traffic congestion undoubtedly i is most important reason for 
this process of decentralization. _ Transportation in public conveyances has q 
_— relatively slow and ‘subject to irritating delays. It is a task of con- con- 
siderable and some danger to drive a a private automobile i in a the down- Pel 


increase as ni increases. . Retail merchants, therefore, “should 
a favor rather than oppose the elimination of parking on important streets. ; 
aw Substitutes for Parking—If the parking of private automobiles in oa 
_ public streets down town is forbidden, a question arises as to what can be 
oe done with them. One answer might be to provide parking spaces either in ie 
—- ps the centers of the blocks, which are usually not built upon, or beneath some 
Te _ of the existing buildings, or in many storied garages. The number of automo- 


biles wh which could be : accommodated i in wa way is more or limited, how 


New York, one | large department store space for the 
, a. automobiles of its customers and drivers to take the vehicles to the garageand — 
them baek: when the owners are city, a a large 
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IMPROVING P AT : STREETS 


 RETAILTRADE 
METROPOLITAN 


1914-1924 


# Percentage Increase in Decad 


Miles 


Bank of Depost 
Bank of Deposit Established 1914-1924) 


= 


al 
garage to the store by bus. Obviously, remedies are applicable i in 


a few cases, as the smaller stores could not afford them. 


mas The establishment of parking spaces on the outskirts of the city and trans- i 


_ portation of passengers down town by Public conveyance is a solution on that ES 


sing tried in a number of cities. Several such parking ‘spaces are o oper- 


ated by the Philadelphia Company which carries the auto- 


making charge for to include transportation back and forth 


street car, An of this kind not only solves the of 


distri 
—The substitution of public transportation vehicles 

ally large carrying in place of individual automobiles holding 

on the average pot more than two persons can | be made adv itageously in 
“many instances. ‘For ‘example, de luxe bus service often will pr prove an ‘entirely 
eon substitute for the use of numerous private automobiles. In Wash- 

ington, D D. D. C., the Capital Traction Company operates luxurious buses" from 
‘the high-class Chevy Chase residential ‘district on express schedules to the 


shopping centers of the city. ‘Fares are higher than on the street cars beca 

oof the superior facilities | provided. ‘The net transportation | “expense nse to th 
Chevy Chase resident by bus, however, is smaller than when he uses his own 

ie automobile, ar and with « existing conditions of congestion the greater rag 


of the bus service is s marked. This service has proved very popular, 


TABLE OF PRIVATE Avromosites AS Saves BY 


a 


Number of Total | Passenge 


ril 30 (in ) hours 


Los Angeles. Calif. ap 


‘Similar transportation facilities are provided in ‘Chicago, Ill., between 


Rageirater and the tis Although pri- 


i in that vicinity. Not only 
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to be considered a: ‘more distinguished “mode. other words, it 

—_ prestige to be seen alighting down town from the 35-cent — ah 
Beach bus than from a taxicab at twice that fare. to alt te 
'» More general use of such collective transportation vehicles would go far 


oH toward increasing the efficiency with which the available street space is used. % 


‘Traffic counts made in various cities show that private automobiles carry rm 
average of less | than 2 passengers per vehicle 2 (see T able 4). This is 3 equivalent e 

about 30 sq. ft. or more of street area per passenger. bus of ordinary 
can comfortably accommodate at least 20 
‘would average only three-quarters of a full load (15 people), about 16 sq. ‘ft. bit ; 

va street area would be required per passenger. Inasmuch as the ean of the MF 

“imited stop” bus and the automobile would the 


‘would double the efficiency with which the existing area is 


1 Union Station and Government. 


i 
Bureau of Engraving District 
Wharves and War 


onnecticr t Aven 
Residential! District 


fi’ 


5 
¥ Fic. 3.—TaxIcaB MOVEMENTS DuRING A TYPICAL BUSINESS DAY IN D.C. 


an even greater increase in efficiency might be attained 
the the substitution of the electric rail car, requiring only 3.5 ‘sq. ft. of street 
“space per passenger carried, for the private automobile. Tn actual practice, 
however, it is found that the character of the sery service rendered by these two 
modes of transportation is so different that it is impracticable to try to replace zi 
automobile by the trolley. Well-operated bus service with commodious 
thicles, ‘on the other hand, can be made an entirely ac 


or the use of private automobiles. 
ran portation is the Investigations ‘made by writer various 
_ beations in New York indicate that the average load is only 0.83 passenger. 
the: taxicabs w were cruising without Passengers ; ; of 
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IMPROVING PASSENGER IN STREETS 


Taxicab Traffic. —Surprisingly the greater part ; 
the taxicab movements follow definite routes. In the transportation survey 
of Washington, D. C., previously mentioned, -movenients of 334 taxicabs oper: 

ated by four taxicab companies were analyzed for 1 week days) The manifests 

men made out by the drivers w 


time the trip was completed. These data were then analyzed as 

‘point of origin, point. of destination, and time of day. 

aa a _ During this typical day, 7 924 taxicab movements were classified. Of this if 

number about 5000 movements were made along only 33 main routes, The 

three heaviest routes were between the Union Station and the business district, 
a a trips, between the Mt. Pleasant residential district and the business dis- 


trict, 400 trips, and between Georgetown and the the business district, 350 tri = 


aa ig. 3 shows the number of taxicab movements on each of the 38 routes. ‘an =i 


rah route in the entire city were there as many as 50 taxicab movements 


| 


These figures indicate that in about five-eighths of the taxicab 
movements are along certain: definite routes . Substantially the same condi- 


BP. ments along definite routes by bus service requiring 16 ft. . of street area per 
carried ‘instead o of 80 sq. 
Obviously, it would not be feasible to try to replace entirely the: taxicab 


8 * the bus, any 1 more than to try to replace altogether the private automobile. 


— ‘Iti is clear, however , that so much of both of these kinds of traffic flow along 


eee comparatively ld main routes, that a real opportunity exists to effect an 
improvement in passenger transportation in congested districts 8 by rs 
thus using one vehicle of high carrying efficiency to perform the work now 
done by numerous smaller vehicles of low carrying efficiency. 
The foregoing considerations point to a possible solution of street 


GP Fone by (1) the reduction or elimination of parking; and (2) the fro 
tution of buses in many instances in place of the extravagant private auto- 
ie mobile, and the taxicab. Such a solution would go far toward ‘increasing — . 
the efficiency of passenger transportation in city. streets without injury to 
mercantile interests. It would also ihe. advantages of cost and 


n no doubt prevails in in other cities. not replace these taxicab 1 move | 


af 
rie 
a i  & about 80 sq. ft. When it is realized that there are more than 17 000 taxicabs at 
a ae New York, and correspondingly large numbers in other cities, the impr- 
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N s 
Gravane, * M. Am. Soo. CO. E. (by letter)—The author has touched 
subject that is fast becoming critical in many cities es. The continued 
bh increasing. traffic congestion will inevitably result in a gradual dece: se} 
“alization of business activities as pointed out in the paper, ts 
at It is doubtful, however, if the elimination of parking in retail zones will ee 
have the wholesome effect assumed. . It is not clear why the change in business as 
"conditions i in Pittsburgh between 1924-25 should be linked up with the enforce- 
of the no- parking ordinance. “Many other factors could account for 
these changes. it seems purely gratuitous to assume that a 2% less reduction 8 
in in down- ‘town retail sales Over district retail due to ‘no- parking” 
obs far as the movement of traffic is concerned, it is a fallacy to assume B ae 
that the elimination of parking will materially relieve congestion, It will, 
- temporarily at least, reduce the number of cars in daily use, because many 
3 ears will be left at home if they cannot be parked. 
The point the writer wishes to make is that the delays to vehicular move- as 
a ment that often result in congestion originate at street intersections, and | 
cannot be remedied by providing more space in the middle of the block. o a A 


street with both curb spaces full of parked ¢ cars is still wide enough for a 
z line of moving vehicles in each direction, the vehicles cannot pass through ie 
the s street faster than they « can the intersection, ‘hence there is nothing 
sy The efficiency of an intersection theoretically cannot exceed 50% and 
- actually is much less, so that the space for moving traffic approaching a oe 


"crossing ¢ need not be be gas than one-half that which would be required if the 
a grades: were ‘separated. — By “efficiency” of an intersection is meant » the ratio 

oof the nu mber ¢ of vehicles that may pass a 1 grade - intersection to the number — 
a that could pass the same point if the grades were separated. =» Buthy eon 

_ As a simplified illustration, suppose it were practicable for cars to a , 


at uniform and equal speeds on two intersecting streets. It is possible : 80 a y 
_ space the cars in the moving lines that those in one line will pass between 
those i in the other line without interference. They might be imagined as fixed 
mr ‘to intersecting cable lines being drawn at uniform and equal speeds. There aa 
im may be one line, or two | or more parallel lines, of cars in each street. he 7 4 
: required spacing of cars to permit passing in this m manner is | surprisingly large, a 
and this spacing for grade crossings compared with the spacing for separated = 4 
ine is a measure of the optimum efficiency of the grade | crossings, which, by 
‘it is . readily shown, can never exceed 50% even when cars are passed in large 


w = average width gusiel i pes: 
= end clearance between fleets of cars; yao 
Cons, Hydr. Engr. (Stevens & Koon), Portland, 
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STEVENS ON PASSENGER TRANSPORTATION IN STREETS 

Ss pte ser = end spacing center to center of cars’ in a line of traffic; 


@ = distance center to center of parallel lines of traffic; 
ta ia: Now n= number of ranks of cars in one » fleet ; and oe j 


= number of lines of traffic in each | street. 


Tf the two | intersect ing lines are - moving at uniform and ‘equal’ 


If the grades were separated, however, the es cars” could be a distance, 
hth center to center, hence the efficiency of the ‘grade crossing. is, 


“between cars equal to their width, the specing, to center, must be 54: 
for grade er crossings and 21 ft. for separated grades, henee the 
. iy ciency for a grade crossing i is 39% for a single line of such cars on eee 

aa Pare If there are two parallel hines of traffic in each street, it being immaterial — 
ot _ whether the lines: are moving in the same or opposite directions, the spacing 


gob od? tad 
She 
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Sa 


| = 


Two ca cars in parallel are equiva alent to a single « car r the width of whieh 7 is 

w. If grades were separated, the end spacing is the same as for’ a single 
‘the optimum efficiency for cars ‘passing in ranks of is, 


ae spacing would Sree: to be 1 


ney "drops to 14 per cent. 
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spacing 1s lound to be 56 it. between ranks and the efiiciency of te 
ie only por cont there were four lines of traffic in each street, 
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_ Where there is considerable traffic, vehicles are usually passed at intersec- 


- tions in in fleets, which tends to increase the efficiency considerably. In fleet 
; pants all traffic in one street is ‘held, up for a time while that in 1 the other 


e 
to edge af the traffic line in the other 
A fleet of cars is equivalent to one car the length of which is n(/-+ c) and 


width, w for a singe line, for two for thr 


a 


fa 


Se the average distance ¢ center to center of parallel lines of traffic is fixe at 
at 9 ft. and the average fleet clearance, D, at 22 ft., the values for the efficien- i A 
of grade will be as shown in Table od 
+, 


TABLE 5. _—Erricienctes or Grape Crossing 


r fleet (n). 


The purpose of this anely sis is to that delays, and con- 


originate mainly at grade crossings. ehicles do not in 


orderly and uniform manner as here assumed, 


“fivvers” to truc 


‘efficiency of grade crossings over what would obtain if traffic could be sys- 


\~ Even with the best ordered s; system of traffic control it is , doubtful whether — ov 


the traffic that can pase grade crossings is much more than one- ‘fourth that ~- 


them by ears cannot be as a promising 
for traffic congestion. dh, shag: 20. bas) 


“ate Most cities permit limited time parking i in the business district, ee 
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of the at 4: 30 ‘with the dine of — 
‘space for moving traffic during the home-going rush, Wherever 
are wide enough to permit a line of traffic between street cars and the line ot 4 
cars parked at the curb it is quite obvious that the later requirement defeats 
very object it is intended to accomplish. al) 
— Sust before the evening rush, from one-third to one-half the total number — ‘q 
of cars in the business district ron parked. If all such | parked cars s be required oe 
to move out at this time they only add greatly’ to the | congestion at street aq 
intersections without providing ‘more space where Space is needed, since the q 
room they formerly occupied at the curb is ‘talon by slowly, creeping Tines- 
traffic. Parked cars cannot add to congestion at street intersections, 
‘moving cars, occupying the same space, can. It is only when . parked ears 
prevent moving cars from reaching an as ‘rapidly as th can 


ae 


_ Moreover, if there i is only one parked car in the block ‘it prevents a line of 


from moving next to the curb just | as effectively as if the entire 


remainder of block be filled with parked cars 
those cars be adding to the congestion at the he intersection. wes 


= is the writer’s opinion ‘that money expended in the enlargement of 


street intersections to double or quadruple their present width will give f; 
greater relief from congestion tha equal amount expended in any othe 


¢ It is patent to every observer that the automobile, portinsiaile the passenger ~ 
utomobile, when used to provide rapid and comfortable transportation in the s 


congested ‘districts, has brought about a condition whereby enormous sums of Z 5 


money 1 must be spent for street widenings (with a doubtful permanent solution — 
the problem) and with the ultimate result, of compelling merchants | in 


those districts to spend large sums of money in establishin ng and maintaini 


= From the ‘standpoint of economics, it would seem that money spent for 


intensive street widening» for establishments is only 
defensible as a last resort, , that is, after all other Potential solutions have 
This is particularly. true if Among; these plans there is one of a 
_revenue- -producing character. a1 10 di “orth od) 

do fall under such because of the expense both 
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In local service alone because of the comfort and speed learned from the use 


i MILLER OW PASSENGER TRANSPORTATION IN StREBTS 

The schedule | ‘apatite s of trolley cars in certain American cities have 


Miles per 


= 

de 


Washington, 102 1 

Boston, Mass. ere 
‘St. Louis, , Mo. 


10. 90 y 
Chicag 0, Ill. (Outside Loo 11.63 


ait the schedule speeds of the buses of the Chicago Motor Bus s Company are 


“given as: mort. baw oF callera, of are ab thal got 


4" Chicago, the difference in speed between the — cars and buses is 


sufficient to make either r type of unit attractive as) a competitor of the 


sece-wasting passenger automobile, and neither can space-saving 
car or bus ever become attractive until its schedule speed is comparable with “hie 


the passenger automobile—a condition not possible of attainment when trolley | 


cars and ‘buses are making from five to ten stops per mile. ig 


However, -jnereased schedule speed can be procured (without raising the 


a 

aximum speed) by reducing the number of stops, but in so doing, considera- 
§ tion must be given to the fact that surface transportation is not a terminal- 


Nita 


to-terminal proposition, but ea on intermediate business for existence. 
Such being the case, the answer is obvious—install on the same street 
express and local service, using the trolley cars as express. units, stopping 
_ approximately once to the mile, and buses as local ‘units, stopping five to ten 
es per mile, as the business warrants, 
Coupled with this combination service is the plan of making the yin 9 
traffic more “fluid” by the necessity for vehicles stopping with 
bee. behind standing trolley cars, ‘such as is proposed in Detroit. This plan er =e. 
S utilizes, at this express station, a a passenger depot loeated betwen the ae 
with a pedestrian | subway leading thereto from the sidewalk. With such a (i 
scheme the trolley | car rider is protected in going to and from the car, and, at 
the same time, vehicular traffic flows on uninterruptedly. 


summarize: ‘The passenger r automobile “with tw two passengers occupying — 


"approximately 40 ft. of street ‘space per passenger, as against 7.57 sq. ft. per 


| 

— 

a 
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“ae x much in the ease of the double-deck trolley car or double-deck bus, is the bg eee es 


Bile, nevertheless when the use of such a vehicle Wo on the community as a 
whole an inequitable burden, the individual’s interest be 


invariably with violent opposition; to him with some- 
7 thing which adds to his convenience ‘through an appeal to his love | of new 


‘The combination express and local service herein mentioned will eliminate 
“the ruinous competition between trolley cars and buses, and will ‘aid material 
the individual through the city, streets in vehicles that 
economical a as to. space required. As ‘they n may “operate: “at higher schedule 


% protection is is given to the trolley car riders in going to and from the car—n0t 
o mention the removal of obstruction | to the flow of vehicular traffic by 
elimineting the stopping of vehicles with trolley cars, 
bey This combination | express and local service is a revenue producer, whi: 


a cannot be said of | money spent in intensive street widening or for building. 


Cart WwW. Stocks,* Esq. letter).— —In ‘his analysis, Mr. Miller 
out how ‘inefficiently. space is now used To feel, however, that 


only way of increasing the efficiency of streets is the ‘substitution of bus 


for taxicabs and private ‘cars falls short, in the. writer’s opinion, », of the rea 


re This plan can be considered as only one phase of the problem after due 
i consideration has been given to proper routing. — Mr. Miller fails to carry F 
aa analysis far enough to mention that at specific hours of the day traffic a 
f conditions change, and what can be considered acceptable as good public — 
transportation during ‘normal hours: will not be satisfactory at other 
i of the day and evening. It is this ever- -changing condition that plays | havoc 
with any fixed public transportation system. order that 
: e be worth while it must be routed to meet traffic conditions, iw Bolg 

., The ereatest difficulty in the handling of city traffic in mid-town shopping 

and business. areas is the personal selfishness of a few people during shopping 

hours. This class includes the business 1 man who 1 wants to use public streets 

for private parking while he transacts | his daily business. d 
a. In the evening, of course, the theatre and ‘ “joy- -riding” traffic must be 
_ handled, and this is something entirely the day traffic. It is 

true: that m many taxicabs | and private cars can be replaced with the parlor car 
type of bus when operated over carefully selected routes in the larger cities 

from | ‘such points as road terminals to hotels and department stores. In ‘some 

-_ Gities these bus lines would serve more efficiently if they were run on a taxi- % 

2 3 eab basis instead of as common carriers. — Such routes, however, when operated 

cian a common carrier basis must be able to make as good time as is possible — 
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STOCKS ON PASSENGER TRANSPORTATION IN STREETS 

with the more inefficient street- space-oceupying vehicle—the taxicab—which i 
has now become a necessity in every- -day life. There are 25 000 taxicabs in ce “A 
New York, 1800 in W ashington, 1500 in Philadelphia, a and 5 400 in ‘ices. ee. 
Even ‘80, it is most difficult to find an empty one on a stormy day in these 
cities. W hether the time is morning, afternoon, or evening, “try get 

one”. would seem to the man in the street, then, that there e are not 


One of the first ‘steps toward increasing ‘Street efficiencies i is to determine 
a definite plan for handling various volumes of vehicular traffic. re- 
_ quires first the keeping of a continuous and comprehensive census of the — > 
origin and destination of all classes of vehicles using city streets, especially = 
those that pass through the mid-town areas or, in the larger cities, certain Ba 
Fast we areas. Then this traffic must be separated to, expedite its movement by = 
ddinite routes so that it will reach in the’ easiest 
- direct way. It becomes then merely a problem 
of schedule-making to how 
according to its density at different hours of the | 
* jog have such a plan adopted the public must be taught that alll amie need — oe 
on use the same arteries of the city. In the past, cities and towns along > 
ei principal highways were insistent that all tourists pass through “Main 
“Street”. That desire i is fast changing on account of the congestion thus 
“ested, and it is now ‘poppe to travel around many of the moderate sized 


_ is education that is needed, along with proper route markings by sign or _ 

~ numbers, following somewhat the plan that i is used. ont the - inter-city highways. ae 
Purely local traffic can be handled in somewhat same manner 
traffic volumes: are first analyzed. 
on on by trained men who. appreciate, the manner in which it is dong, and why, Rs 
“nd should be followed up by observers. whose business it is to lay out routes. 


The parking idea fits in into { this plan, for it becomes mi necessary , to keep these Eh 

te moving arteries clear to handle their full quota of traffic in the peak hours. jot 
a Parking» must be prevented to | afford the street capacity necessary to beudle : 
se ‘the volume At other times trafic will not be interfered with if parking is 
tai _ The use of control signals must, of necessity, be fitted into the proper han- ia =F 

dling | of traffic over these main arteries, but more attention must be paid to B f 

their operation than is | done on north and south highways in 1 New York 

Me There must be clear east and west through streets as well as the north 2a 


avenues so that. mo re than one can be crossed at a a time. 


and south avenues. — _ This means a close study of cross t traffic over the longer e 


The volume of trafic according ; to the lanes of travel must be aes as near 


With all large cities charted, signed, and properly advertised for the benefit eng 
f local traffic it is the writer’s ¢ opinion n that many of the diffic ulties ¢ of highway ye 
can be obviated and streets zan be called on to carry a greater 
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mean, however, that streets selected for main arteries will have to be ‘Tepaved 
ee practical slogan for street chew. would be: © “Make each street carry 
ie full quota of traffic according to its available space”, so as to ¢liminate 


* Eso, (by. yg —With only two points it in this paper 


is the | clief of ' Automobile Chamber of Commerve, 
‘representing the automobile industry, that the leadership of engineers is the 
major solution for traffic difficulties in cities. 
an _ 2.—Popular opinion. will not support complete restriction of parking even a 


7 a if this might permit the movement ofa greater volume of f persons over beth 
Engineering Guidance e—The time is at hand when the engineer will have 
4 Ce dignity and be more highly appreciated by the public because he 
“can be the Moses to lead it out of traffic congestion. Certainly things are not 4 
at such a pass that cities must be resigned to the fact that more facilities are 


ae - and that therefore the m main “remedy | is to attack 


‘ i a parking i issue. The chief trouble i is that the public has been slow to realize . 
what an en engineer is , and what he ca ean do. R It is a popular fallacy to look o 
kim as some one wrapped about with blueprints, having his nose tied oa 


As a matter of fact the. engineer is fundamentally an an He » knows 
Sa that detail i is important, that results do not come about by virtue of “ballyhoo”. 

Se He handles detail, however, in the same manner that the . general ‘organiaes J 
i a masses of troops, food supplies, and ammunition. Present events foreshadow — 
the birthday, or more accurately, the re-birth, of the engineer in public affairs. 

The engineer's importance in the World War was universally recognized 3 
e Here, again, is another great possibility needing organizing brains. The auto- 

industry, in which engineering is of "utmost importance, would be the 


last to concede that the. city traffic situation can be met primarily by ordinances R 
rather than by the generalship of the e engineer. 


Every city should have a traffic en; engineer, and he should 
authority. Since 1916 State Governments have come to that high- 
control ‘and development primarily an ‘engineering proposition, 
; "that now State highway projects are laid out and carried through from start 
Eee - to finish by engineering brains. Apparently the cities are at the very | start 
of their possibilities in traffic ‘{mprovement. While, for a number ¢ of years, 
planning commissions have been functioning, in many ‘instances these 


x4 _ commissions have been fostered by a few forward-looking citizens, but have t not 


as not imme 


~ 
) been taken with a great deal of seriousness because the need was n 


—_— 


= 


 alatay pressing as far as the public was concerned. — To- day, traffic is a public 
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on PASSENGER IN 


diate step in every city is an engineering analysis of the situation with ede- es 
- quate p publicity to tell the public what needs to be done. At the same time, the 
engineers will have the job of indicating g what should be’ the immediate and 


& 


ce of Public Opinion—The engineering world will doubtless welcome 
“this mandate, but even if this were not so, the public demand for | assistance is at é 
-Tikely t to be overwhelming. . 1 The American spirit is to seek results and no 2 
5 restrictions. . The man who owns an automobile can a be. convinced of the r rea- ; 

sonableness of limitations on his parking, but he is not likely to submit a 
sbealute prohibition « of. the u use of the streets which is what the “absolutely 
no-parking” rule would mean. If a man cannot park his motor car for a 
of time in down- town areas, it means that the usefulness of his machine a 


in such sections is ‘practically nullified, and the man who has put his invest- 


ment into motor transport is not going to see ‘its value curtailed without &@ pro- a 


fest. “He will say that if the engineering brains of the country have been 
able to build the Panama Canal and the Roosevelt Dam, they can work out im 


or method of doing away with the “bottle-necks” in city traffic and arrange : 3 

for other provisions that will permit a greater use of ‘motor travel 
‘The author, to some covers this comment in expressing the belief 
that various physical improvements in traffic in the long run invite more et’ ves 


vehicles with the result that the e situation becomes : acute again shortly after hae vi 
a relief has been introduced. He also suggests that the elimination of ‘parking — fee a 


a scientific method of making street spaces more useful. His approach is 


from an engineering standpoint. The difference of opinion lies essentially 
_ ina greater belief on the part of the National Automobile Chamber of Com- _ 
in the capability of the engineer ‘as an organizing factor. ‘Rightly 

a planned, traffic improvement measures will ‘not lead to a ‘repetition of the 

same. difficulties; and drastic restrictions are not ‘necessary until the engineer 
y has been given a much ame opportunity to handle the job and see what he ae a 


cando with it, apy degree of. paleo 
WwW. G. ‘Sreair,* is said that N Vapoleon made a ‘Practice of 
-_‘detters unopened for one week on the theory | that those x matters which needed 
attention received ‘it anyway within that time so the trouble of 
was avoided. ‘It is also said that America wasted ¢ enormous ¢ sums s of money Pg 
in the World War by constructing ships" before properly equipped shipyards 
could be built or r economical organizations | established. ead. 
. The foregoing are matters of hearsay; but it is a matter of fact that much oo 
of the labor expended by the Traffic of the Manhattan ‘Surface 


collected data and veached closely | those of 


— 
Before admitting that the solution lies with the police force, why not permit 
— 
— 
— 
ate 
Be 
he 
ea a 
ve 
ot 
— 
ize 
¥ 
he 
4 
rt 
ot 
— 
ic — 
— 


This: Traffic ot ‘the Manhattan Surface Line Operators was 


organized in January, 1926, for the purpose of studying traffic conditions 
in New York City and devising some practical measures for their relief. As 
ee Set a result of its study and the collective experience » of its members i in the trans 
portation field, it is clear that no appreciable relief can be afforded until the 


oe “unlimited use of: private automobiles in congested districts is checked. aig 


A» 


3 Committee does not recommend any such drastic measure as the 
Ee: a creation of areas into which private cars cannot ‘go. It does 28 advocate, how . 
sever, the enactment and rigid enforcement of ordinances which will so restrict é 


=e os parking that the movement of private cars into the streets where those ordi a 
t 


nances are in force is’ discouraged. Specifically, parking should be confined 
to one side of one-way streets and it should be prohibited on thoroughfares 
i 


a sou th of 65th Street where street cars and permanently established bus lines oa e. 

There is a te ndency on the part of peo ple public and } private life to | 

regard the automobile as a sacred vehicle of transit whose owners are endowed 

x 
with certain special privileges ‘superior to the rights of the ‘general ‘public, 
This probably accounts for the extravagant makeshift remedies proposed 


Fe 


: ca from time to time as means of relieving congestion without t eliminating — 


Upon analysis the traffic problem becomes clarified. An application of the 
old law of supply and demand will go far toward solving it. Streets that » 3 


were built before the automobile age are called on to carry a trafic far beyond 
their capacity. Roadway space is woefully inadequate for the ‘requirements 
ee of the hundreds of thousands of motor vehicles in the Metropolitan Area, and — 
alwa, ys will be, no matter. how ‘much additional space provided, with 
+h habit of riding i in private cars unchecked. _ Tf every person who owns a motor 
= ear is to be encouraged to continue to use an excessive amount of roadway 
space v while traveling in the congested districts, and, i in addition, i is to be | per- 
mitted to clutter up the already over-crowded streets with his automobile 3 ; a 


it is empty, the supply of street ‘space will never catch up with 


ee ‘The only reason why there are not two or three times as many private auto-— 
mata down town as there are at present is the Tack of room for them. Only 
_ a smal] proportion of automobile owners now are able to use the down- -town 
ete and if new streets could be constructed overnight no change would — 
a “occur: in the traffic s situation except that a larger proportion of private on 
__ owners would be able to use them. The congestion would not be relieved any 
ee than it hes been relieved by various street openings and street — = 
_ ngs inthe past. at Yo Satta of] 
‘Congestion will be relieved materially and immediately when 
restrictions ns are put into effect and rigorously enforced. In the first place, ae 
4 two additional lanes of travel will be opened up at once ‘on every thorough- 


fare where parking is increasing the capacity 
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| second place (and this is perhaps the more important consideration) thousands § 


= 


ott of motor- pens aundelinbid now use the most crowded streets in the most 
~ erowded sections u: unnecessarily, except in so far as” they fancy their own per 
ig sonal comfort is promoted, would no longer do 80. 


is a not to force the private car owner to ‘use street cars. They w would g gain ‘but fs 
a.small part of this patronage; most of it would BO to the taxicabs and to 
subway and elevated lines, rather than to the sur face roads their 
- yelatively shorter haul. What they are interested in is the speeding 
trafic, enabling to maintain schedules and provide the hundreds of 
“thousands: of their daily patrons with a better service ‘and thus 8 encourage a Nt 
_ more general use of vehicles that engage in mass transportation. I The speeding — 
y up of traffic, of course, , would be as advantageous to moving automobiles and Tae 
taxicabs as to moving street cars. yarwous (‘= 


< The merchants, or some of them, are the principal champions of parking. & $5 
are 80 solicitous of ‘the luxurious comfort of the lady who drives ‘up 


Their attitude, if eoutisnned; will ‘uepalt sooner or later in causing a = 
decentralization of retail business, which perhaps from the standpoint of 
public interest is to be desired; but the mid- -town ‘merchants and property 


4 ~ constantly and each year a larger proportion of people patronize these oo 
" enterprises instead of subjecting them selves to the loss of time and incon- 


3 toa trip to the: congested “hina”, “Forties” and 
: M. Lewis,* M. Am. Soc. 0. E- —That there i isa tnelt 
4 ciency in the present 1 use of the principal : streets of American cities is i aii | 


a _ shown by evidence. First, it is necessary to consider what the efficient use of a us 
street is. One cannot claim any degree of unless he has) ‘some 


3 teal studies of the vehicular traffic that streets of various types should carry 
Re different conditions. . One of the results of such studies is shown in 
6. While the curves: given were derived theoretically they are based on 


4 


of Manhattan. A formula was developed to the curve 
marked “Uninterrupted Traffic” , which shows the number of vehicles per lane a 
per hour as a function of the velocity, in miles per hour, assuming that all Y; “4 
grade crossings were eliminated and that the lanes of traffic considered were yas 

i‘, iwitinely given over to moving vehicles. It may be seen that the capacity of 
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‘LEWIS ON PASSENGER TRANSPORTATION IN STRERTS 
a increases up to a velocity of about 15 miles per on then 


streets provide “uninterrupted traffic” as here defined, and 


another formula was developed for such as exist on Fifth Avene, 
m4 and other principal avenues, that is, a “stop-and- -go” system of trafic control, — 
‘The time. schedule (90 sec. for a ‘out of a complete cycle of 160 sec.) in 

operation in 1925 on Fifth Avenue was used. The curve showing this, , marked — “She 
ee Traffic Regulation—Running Velocity”, indicates capacities approxi- 


mately one-half those that might be obtained for uninterrupted traffic. The 
: unning velocity in this case means that maintained by vehicles after they had 


reached full speed, corresponding to the speed limit on the street. The average 4 


a velocity i is ‘considerably less than this due to the periodic stopping for cross 
traffic. A curve showing the relationship to the average velocity voll. 


under such traffic control ¥ was, added therefore to the disgram. I It lags 


ane 


u 


siderably behind the curve b based on running velocity. te 


lowe 


3 


of street under different running velocities could be obtained by multiply 
ing lane capacities s obtained from Fig. 6 by the number of moving lanes. The 
ss ‘apper curve should be used for uninterrupted traffic and the lower curve 
marked “Running Velocity” where a -stop- and-go system of traffic 1 
a Bio ae is in existence. No machine, however, is expected to maintain 100% efficiency — 
hs: = likewise nos street could be expected to carry on each of its moving lanes 
i we x the traffic shown in Fig. 6. It is, however, reasonable to state that a street — 

3. ; a with four moving lanes could carry on each lane about 80% of the single-lane a 


omal Fig. 7 indicates conditions as they existed on typical streets of Manhattan ~ 
‘in the fall of 1924. It is based on 983" different observations of the relations 


nt ob 
between volume and velocity. of vehicular traffic over stretches of roadway from 
i 08 to 1.0 mile‘ in n length. The figures given within ‘the equares represent the 
part of dia- 
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gum. For example, there were which’ 
between 300 and 850 vehicles ‘per moving lane at average velocities of between * it 


: 


| 


Vehictes per Moving Lane per Hour 


AEE 


fae ‘ mer 8 9 10 11 12 18 14 15 16 17 18 19 20 21 22 23 24 25 26 


RELATIONS BETWEEN VOLUME AND N or ‘Trarric on 
TYPICAL STREETS IN THE BOROUGH OF MANHATTAN, NEW YORK CITY 


‘The upper curve | shows | the theoretical single-lane capacity for tower traffic 
4 regulation as given in Fig. 6. This represented conditions on streets with 
unobstructed pavements; as only part of the observations made were on such 
streets there has also” been. added a curve showing corresponding capacities Re: 


“for streets with four moving lanes of vehicles and two trolley tracks within those 
. moving lanes, If all the streets on which observations were made were being x 
to full the points plotted would have approached within about 
E 80% of the figures represented by the e single-lane capacity curves. Iti is obvious us oe 
An average use curve for various is also shown. This indicates 
1 that increased use W was obtained only by the sacrifice of a very considerable ne 


“amount of velocity ‘and when the latter “exceeded about ‘115 miles per hour 
the average curve. shows a practically constant use of only about 200 vehicles 
lane per per hour. This corresponds w ith nly one- >-third | to one-fourth of the ‘the 

traffic which those streets ‘eould have carried. + The average weighted ‘velocity 


of the e observations made was’ 11.3 miles per hour. is explanation? 
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is not to any general condition all over the: Borough of Mans 


"Sima it is impossible to eliminate te all congestion in n large | cities. “This 
| best be r relieved by carrying out comprehensive. traffic plans which w would 
tend to separate through from local traffic and concentrate the former on 4 
routes planned primarily f for its accommodation an and laid out to furnish ‘more 
communication between separate business and population centers. The 
business 88 streets W will | still be called on to handle a heavy traffic but t the speaker 
Te D4 that much can be done to obtain better traffic conditions on them. 4 
What is needed i is not a greater running velocity or speed limit but a greater” ‘ed 
velocity. ‘maintained between any two parts of the.city. It avails 
man little to be able to travel for a few hundred feet at the rate of 30 mileg, iB, 
hour if! he must stop often because of traffic delays. 
What really he average speed which h ke 
nat rea y counts is the average speed whic e can make. 
ae best be increased on main avenues by trying out a system of progressive trafic. - 
a signals” designed so that as a motorist proceeds along | a street at e 
in’ peasonable running velocity. each light signal would change to the ‘Go” signal 
aa as he arrived at its location: This is being done successfully in Chicago 


. and Washington and it is understood that 1 the the New York City Police pene 


ment plans to experiment with such a system in New York City. | It would 
e be necessary to plan for a velocity which could be maintained by a large 
majority of the ‘yehicles using the street. Where trolley cars are involved 
_ Chicago has found that this velocity must be about 12 miles per hour i in order ~ 
to enable’ the trolleys: to keep up with the light signals. Where a. street 
used mainly for passenger traffic and is is free from trolley tra icks, the system 
a be designed for a much higher velocity. Such a condition exists on the: 3 a 
Grand Boulevard and Concourse in the Borough of the | Bronx and in other 
Parte of New York City. _ If two of Manhattan’s avenues could be cleared 
trolley ‘tracks and vehicles permitted | to maintain a speed of 25 miles per 
hour the saving in time of the motor vehicles using ‘those avenues would a 
On the main avenues coming into a tty lst can reduce delays more 
than the separation of grades at the most important highway 
a Because of the great expense such a a procedure i is not feasible i in the Borough : 
a Manhattan except ‘at a few of the most serious p points, ‘but the speaker — 
believes that it is advisable and could readily be done on the main highways 
ay in suburban districts. In many such cases it “would require relatively ‘small 4 


dt xd bopietde enn ou 


Mr. Miller has ‘pointed out clearly the obstruction. cause ed by standing 


vehicles to moving traffic, He could wok, however, obtain the full extra lane 


capacity suggested, as would the elimination not only of Darke 
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in front of large office buildings; wt. lowhich 
have considerable amount of t traffic to and { from their doors, by compelling 

“them to provide, within their property lines, si space for the unloading of both oa oe 
‘freight anc and passenger vehicles. This should be done, but it is not reasonable to ex} <a 
‘expect a , property owner with only 20 or 25 ft. of street front to be restricted Te Dy. a 
from stopping a vehicle occasionally in front of his building: © There are cues * 
always some such sections: of property within the | areas as of congestion and 

of vehicles throughout such areas. has gaibrel- 
Mr. . Miller’s views of what can be in the way” of ‘substituting’ buses 
for taxicabs seem somewhat optimistic. Conditions in n Washington are prob- 

oe much more advantageous for such a procedure than those in New York is 

 @ity. The taxicab and private automobile are far more flexible than ae 


- motor bus can ever be and will undoubtedly. continue to exist in increasing & 9 


numbers. . F requently the rider desires a door- “to- o-door se services. This’ the taxi- 3 


a) gives and the motor bus can never p provide « on any such ‘scale, “eg 
dh About the only real substitute for the taxicab and private motor 
such sections as down-town Manhattan, is rapid transit service. lt may 
become necessary to carry a large number of the people who now come in BY aa 
to the center of the city in modern underground rapid transit 


facilities for mass transportation. . The transfer, at the edges of congested by 


— 


to create new lanes of trafic, whether it | be by widening eilatinig FAA, 


between taxicabs or private motor, vehicles and such ‘rapid transit — 


areading sidewalks, cutting ‘through new streets, or double-decking existing 
routes, will not afford th same permanent relief from traffic congestion as by 


the m more economical us use of existing street — of larg ger 


4 ‘There in New York City, that 

_ sions are sound . Some years ag ago Fifth Avenue was widened. More vecunitty: $ 
“First Avenue has been converted into a wide, well- “paved street. Lafayette 

a ‘Street, Park Avenue, and Varick Street have been improved. All these better- oe ¢, 

i ments were highly desirable, but collectively they have failed of their primary pe 

purpose of relieving congestion. Without proper regulation, sufficient 

number of the thousands of pent-up automobiles all around the congested area 

vil trickle into and congest new arteries as fast as they can be opened. tim 
pe’ When limited parking or no parking v was first suggested + as a ee 7 
- traffic congestion, merchants insisted that such regulations would be disastrous — 
to their business. That this viewpoint is changing and. changing rapidly, is 
Clearly indicated in the replies of about 2000 merchants to questionnaires sent on 
‘out by the U. S. Department of Commerce in connection with an exhaustive — =o 4 4 


ftudy of “Vehicular Traffic Congestion and Retail Business”. 


_* Vice-Pres,, Third Ave. Ry. System, New York, N.Y. 
t Trade Information Bulletin No. 394, U. « of Commerce, April, 1926; wor 
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‘These replies indicate that merchants are. realising’ more and more 
a hides congestion, caused largely, : as Mr. Miller has pointed out, by parked — 
% 7 automobiles, has reached the point where it is destroying their business by a 
decentralization and diversion of trade to sub-centers. When they 
7 sealing that, they, too, will insist on “no parking” in congested areas. 1 ae f 
.. The relief to be gained from “no parking” is, of course, that it would leave ‘ 
the entire roadway for the use of moving vehicles except for such obstruction aft 
ae as is caused by loading and unloading at the curb. A distinction should be 
i made between passenger automobiles and trucks as regards. the effect of their As 
a loading and unloading at the curb. _ Passenger automobiles load | and ‘unloed 
so quickly and in most cases at such infrequent intervals that it is not neces- me 
sary to prohibit their use in this manner in order to obtain a a large measure of 
stare from the “no parking” rule. With ‘trucks the case is entirely dif- d 
ferent end, naither -losding nor ~ is pomible, witheus 


ac account thea of the in street or its enforcement will 


oh In the Borough of Manhattan the fen of travel in the morning is south 
aa and in the afternoon north. At least s some measure of relief would be derived 
from “no parking” by prohibiting parking on the 1 west sides of the main 
= i: and south arteries during the morning rush, say, from 8:00 to 10:00 


M., 80. as to. provide a an unrestricted flow of ‘south-bound traffic and in the 


afternoon the same te regulations applied to ‘the east sides from, say, 4:00 to 4 


:00 M., would provide : an unrestricted flow of north-bound traffic. Certainly, 
js retail | business and office building districts, such regulations would create an 
- additional lane in the direction of the heaviest flow of traffic, now “obstructed 


by parked cars. The fairness of the regulation, by shifting the “ no parking” 
es.) one side of the street to the other during different portions of the day, 


should overcome ‘any objections from merchants while ‘the plan is ‘being 
‘ell hes to the more economical use of existing street space, the speaker would — 
- to add that various observations made at heavy traffic centers by the Third — 


ae Railway ‘System: corroborate, in every y essential detail, the > facts ‘that 
sf have been fully set forth in the tables accompanying the paper. A del, aa 


ij 
if A. ‘De Buors, iad * Esq. —It i is a question whether ‘the entire 


be parked, nor would it be safe for pedestrians, ; 
ce. Y a ais Although favoring the elimination of parking, in so far as it is practically — 
-. oie ’ attainable, the speaker desires to emphasize the fact that the chief causes of 
congestion are are at ~“bottle-necks” In one case of interurban motor- vehicle 
a traffic on a well- known highway, the average speed had been reduced from 30 : 


Director, Safety Eng. Div., National of Casualty and Surety 
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The minimum practical width for a traffic lane of moving vehicles is greater 
than the width of @ line of vehicles parked against the curb. Furthermore, 


GORDON ON PASSEN TRANSPORTATION 


gones, trucks backing to the sidewalk for loading or and 
obstructions. It does not much matter how: fast the traffic can be run throagh — : 
block if it cannot get out at the other end at a reasonable ra rate, ai 
pec parked bus throttles traffic, as shown by ‘the congestion caused by buses 
-eollecting at street intersections to load or unload passengers, 48 on Fifth 

Avenue in New York City and Michigan Boulevard i in Ohicago. As for t taxi- a 
_ cabs, it is obvious that there would not be 17 000 taxicabs i in New York City if 
tt they did not supply a a real need. One such need is the convenient handling 


4 of personal baggage. — This may account for the extreme use of taxicabs 


between railroad stations and hotels. It is, of “course, true that. the traveling 


public pays for empty taxicabs just as it pays: for empty seats in buses mall 


N. ‘Jounsox,* Eso. addition to automobile Witch Mr. ‘Miller 
8 ully, there are other factors bearing on the efficiency of passenger 
“transportation in city streets, which | the speaker will ‘outline briefly as follows. a 
Routing or By- Passing.— —A considerable part of the through traffic enter-— 
ing the business a area of any city does 80 not because of a a desire to go there ex 
but because it does not know how to get through the city any other ay. i 


Provide streets or by-pass Toutes | well marked with directional 5 


the busy section. Of course, markings indicating the route’ to the 
‘atea should be provided for those who desire to stop there. Every through- 4a 
bound automobile by-passed from the busy area helps a little to power 
congestion and thereby benefits all forms of ‘passenger transportation. pai to 
‘The “Bhip Stop” Plan for ‘Street Cars.—The adoption for street cars of te 


Streets. —In cities narrow streets, the adoption of plan 


would not think of attempting to put weter through a pipe in two directions: AS ae 


A protest will be raised at whatever is done toward impadvinig traffic ‘eos — 


aitions. However » to-day’s protest which seems reasonable to-day becomes 
absurd to-morrow. About ‘seventy- five ‘years ago it was proposed to wi 
Broadway, New York, by setting the sidewalk line back. The Broadway busi- — 
“ness men protested, and the basis of their protest was that they wor would lose 
space on which t to pile cordwood. 3 cet 
OHARLES Gorpox,+ Esq. —The whole traffic problem is a community prob- 


lem and one of the difficulties with its solution has been that each —_ 
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” traffic caused by this was felt for a distance of almost 9 miles back from no = 
eonstriction. Similar, though less clearly marked, cases occur throughout city 
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SLATTERY ON PASSENGER “TRANSPORTATION 


. approaches i from the standpoint of his own interests. | The ‘merchant t objects 


‘Traffic movement is is thought as s the speed with which 
ears can be driven through the city streets. The public attitude toward rote 
problem ie based on personal ¢ experience with the automobile. Poole 
= i still maintain the right to use their own personal transportation under the 
intensely complicated conditions of modern metropolitan cities, and opinions 
on transportation are sometimes slightly biased owing to that peculiar per- 
a, 2 The trackman, the man who is handling freight and commodities i in | city 
a a streets, thinks of traffic problems in the terms of his own 1 business. _ The same 
se i. is true of the trolley man, and others. The taxicab owner would seriously 
object to Mr. Miller’s suggestion regarding the restriction of taxicabs. 
a . A few are beginning to have a new conception of local transportation as 
a'whole. It is ‘apparent that the development of modern cities is dependent 
on the growth of transportation. The v very life blood of a great basins dopants on 
pat transit facilities. Interrupt the transit fi facilities and 


4 Co- ordination is the keynote of this problem. The trolley and bus 
ests have discussed co-ordination of. the handling of passengers in city streets, 
to this the handling» of freight and other services, and | one begins to 
obtain a new conception of local problems. 
| Co-ordination might mean the handling of freight and commodities i 4 
-peak periods. Perhaps that. might be at night. With only casual obser- 


vation one realizes what a large factor is the handling freight and com- 


individual property owners to the use on the of the 
aa a greatest good to the greatest number, are all factors in this general situation. 
Street railway officials are broadening their viewpoints.‘ The railway exec- 
outive is seriously interested not only in moving the vehicles for which he i is “ 
__ responsible, but also in the problems of the taxicab and bus operators, the = 
2 _ private automobile operator, and all the other factors that enter into the prob- 
i j Jem. Only by this kind of an approach to this most serious problem of modern 
cities can hope for solution be obtained. to. Ani 
7 Ls traffic in New York City that have not been mentioned : One is the loss of 7 
2 et time caused by the promiscuous left-hand turning out of busy streets, such La 3 
Fifth: Avenue. York restricts the left-hand turn less than almost any 
_ other large aie... . For example, a car coming from the financial district to 
the Engineering Societies Building, 33 West. 39th Street, loses, on account 0 
ime delays caused by cars ahead tu turning ‘to the left, twice as much time as b 
ss going beyond to 40th Street, and makin * three turns to ‘the oe — the 
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a «SHEA ON NGER TRANSPORTATION 
Another factor that slows up traffic is the failure of to the 
signals. _ Pedestrians are difficult to control. “Many cities do control them, 
however, and it could be done in New York. In driving down Lower Broad- ie 
way an enormous amount of time is lost on account of the , general “jay- 
walking” which prevails. nrely, ot eaiti idiom 
Another thing that. delays. traffic seriously in New Y ork City is the prace 
of A in middle oof the regulations ‘Provide that * 


. Amu 


Er he has outlined several obvious improvements. — 


inclined to the view that the problem i is not ripe for solution, and 
j it might, in a measure at. least, 1 work itself out, perhaps in the not distant 


?*Boate surface congestion has been caused by the extraordinary i increase 

* within the past few years in the ‘number of motor vehicles operating on the © 

- streets; it is reported that in the City of New York the registration of motor — 


yehicles on May 1, 1926, , exceeded that of. 1925 by 14 per 


Vadoubtedly are a great many non-essential vehicles ont the street 
we New York, as well as elsewhere, due to the extravagant use of private motor _ 
an. This applies. to the commercial vehicle as as well as the pleasure car. It 
£ not an unusual thing during rush hours at a certain termiinins of a subway 
line, to see se several hundred people | standing on the sidewalks waiting to cross é 
the roadway while fifteen or twenty vehicles pass up or down the ‘street, , each 
one passenger. Nor is it all unusual to see on the street a 5-ton 
E truck with one 500- Ib. barrel a8 a load. “Meanwhile this ; unrestricted and ineffi- 


& ‘cient u: use of motor vehicles in congested areas is creating problems that appear he a 


awk te, z%>- eration of 


i The ‘situation is also complicated by the prevailing senseless operation o 
motor vehicles. For example, in a certain Park i in the city, which has” a cir- 
roa road, the e traffic system was recently changed from two- way to one- 

way ‘traffic. This is obviously the safer system ‘and permits the most ficient 
use of the lane capacity of the ‘roadway. However, numerous motorists. are 
not ¢ content to travel in one lane but must “weave” in and out, cluttering up 

whole roadway and materially reducing its capacity. 


wid Manifestly it is impracticable to provide adequate” facilities’ for a trans-— 


4 of which are extravagantly used and inefficiently operated much of the time. 
It is probable. that drastic regulations respecting the oper ation 

vehicles would provoke much opposition. However, it is quite possible that 

sal evils of street congestion and the consequent on n all: com- 


the: necessity of curbing the. present tendency toward their use 
_Tegardless of the economic factors involved in such operation. elimina- 3 


* omee ‘Cnt. Engr., Board o of Estimate and Apportionment, 
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SHE EA ON PASSENGER TRANSPORTATION ‘STREETS ETS 


tion of needless and useless operation of motor vehicles within congested areas S trans 
_ should simplify regulation and insure a more efficient use of e3 existing rte A shoul 
i while the co-ordination and efficient use of motor transportation would also ‘" plant 
_ improve existing conditions | and permit | the intelligent planning of increased  @ mate 
facilities to meet future requirements. with 
Motor vehicles have become an important factor in the transportition and 
Mf ig system of the « community, ‘and it may be that owners, users, , and the public a 3 ig 
generally need to be educated in the use and value of this facility. It 7 to th 
difficult to 1 ‘understand, for example, why commercial vehicles continue day 


after day and year after r year to assemble on masse along the waterfront the 
streets with the certain prospect. of hours of waiting before they ‘can 


, ae access to the piers or approach the bulkhead sheds for the loading and unload- radi 


ing of freight, the carrying capacity of many motor trucks i isco thei 


utilised as the result of under loading and empty movements 


thir 

355 

q is not surprising that numerous abuses attend the extensive use of | Ne 

motor vehicles, such as the parking nuisance. There is no precise ‘definition if 


for parking despite its serious interference with street traffic, consequently, cae 3 


regulation is difficult and the streets have become public garages for: many mo 


vehicles. . Probably the conflict between moving and standing traffic will con 

et. or” tinue until the slowing up of motor trai transportation and increased costs will e tt 

make it economical to provide loading and unloading facilities within th 
building line of all large commercial establishments. Already tail-board fa 
or or unloading i is prohibited on three streets in New York City and it would 

that. this prohibition could be ‘made. general with substantial ts 
silat 
ae accruing t to street traffic. The abuse of the parking privilege is illustrated by 4 0 = 
Long Island motorist who _ parked his car in the vicinity of Queens 
Plaza of the Queensborough Bridge early in the morning; when he 

it in the late afternoon he got into a discussion with the police officer 
2 " hed had the car under observation for several eure. and the motorist cheer- 
“ - fully admitted that he had spent the day on a business trip to Newark. One hs a 

wonders what rights, if any, to the occupancy of a public street for hours at's 

time are > inherent i in the ownership | of an idle or temporarily abandoned motor — oe 

“= It t appears to the speaker that out of existing conditions in congested areas” a 

will er grow reforms” from within the ranks of motor vehicle owners and users aad =} 

_ eollectively, that will involve the repression of other than necessary traffic, - 

the elimination of ine inefficient and ‘empty “movements, ‘the scheduling 

of movements so as to avoid concentration of standing vehicles at points of § 
commercial activity, the provision of parking and “off the “street 

facilities for transferring freight, the more general nse of night tracking, 
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“aunsportation. With this accomplished the e problem of traffic wen 
- should resolve itself into definite terms, regulation will be e simplified, and and the Po 
- planning of increased traffic facilities can be based on a more accurate e esti- 


me of what future requirements will be, rather than on what appears to be i 


= How H. Duny,* Bey —Oities a8 as a rule have been laid out to 


transit facilities that has taken place in recent years and has 80 so increased t the 


oe of activity as to cause cities, through unforeseen expansion, to outgrow 


Reliable data | show thes the population of tis center of 


growth of automobile and the development of 


“thirds: ‘of the pi in Pa., it is at 
~ $56 000, or one-half of the city population ; and the Regional ‘Plan of New ao ao 
- York estimates that the > business day population of the 8.35 sq: miles in > 

New York City’s business center south of 59th. Street i is 2 940 000, equivalent ‘ate “4 
+ 


ow Many of these people use mata of individual transport, | such as ila - 
mobiles and taxicabs, and countless others are only deterred from so 
by the increasing traffic congestion. a The registration of automobiles i in the 2% a 
- United States has doubled since 1921, and there is now an average of 1 a 7 
Yr: mobile to each 1.5 families. — It is fast approaching an average of 1 to each — cae 
family. What the pu ablic | obviously wants, and Tightly so so, is the greatest free- 
dom economically possible in the use of the automobile; but unrestricted = 

is impossible if one-half or two- -thirds, or even one-fourth, of the city’s popu- 


lation wants to use the limited street space of the center — 


“ ‘4 Replies to a questionnaire recently sent to several thousand women shop- oy. 
rs Westchester County (adjacent to and. north | of New York City) 


district. The replies however, ‘that even a much larger per- 
centage ) of these customers of New York stores desired to use | their automo- 


biles for shopping | purposes but were unable to do so because of traffic con-— A! 
gestion. A similar survey reported by the Electric Railway Journal as made <s 


‘several department. stores in | Chicago, “am nong customers whom they 


Shows ‘that only 11.1% shopped by automobile and that 17. 18% of t this acai "Wied 
deft their automobiles outside the Loop District. Obviously, there is a veri- ie 
table flood of automobile traffic which is only held back because of the diffi- 4 


presented by traffic congestion. aslot od of avienoRoni 
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means of increasing the passenger transportation in and 
thereby -Telieving the serious conditions now prevailing in business centers, 


ae The economic losses due to automobile parking in the streets of a businegs tic 
= center are enormous and are wholly unjustified by the benefits accruing to an 
Eee: the | small proportion of the general public that is able to make use of “a im 
a privilege. . The reduction or elimination of, parking and the substitution of ¥ ha 
buses for individual conveyances on | much traveled routes should result 


marked improvement of conditions. sabi ai 
_ The attempt, however, to overcome street congestion, while at the Same 


Tike. time retaining the “centralized form of city development, is quite 


omit 


‘similar to the proverbial atten to ‘lift oneself by his boot- strape, Each 
Es a increment of relief in opens the way for. new increments of population, 4 
traffic, and building the central district, and mo one can foresee where 
In recent years there has been a decided trend toward enlargement of the 4 
"business area and decentralization, a trend y which is coincident with the rapid — 


of the automobile and the consequent ‘enlargement of the 


=> 


& 


areas an particularly of ‘its, street. It would make it unnecessary 


= 


a for thousands of workers to spend hours of their time each day in going to 
5 and from their work i in the central area, would : relieve the morning and evening 


congestion ¢ of transit facilities, ‘and by. making their load curve more uniform — 
would permit them to operate more efficiently. _ 


“Shed have been developed in many cities, but they he have followed 
the old conventional lines and, as they grew, their usefulness been 
throttled by traffic ‘congestion. The modern business center must be planned 
suit modern con nditions, « chief among» which is the apparent determination 
of people to 0 shop by automobile. "Sub-centers will fall short of their purpose 4 


and ‘possibilities i if Shey are not planned to avoid the difficulties and drawbacks 


3 4 


with ‘which their “parent” in in the heart of the city - beset. . Off thestreet 
i parking or garage space must be provided for customers’ and | employees’ cars. 
It seems probable that the time is coming when this will be generally recog: 
nized as an “element of city” building relatively as important as adequate 
stairways, elevators, heating Plants. - fact, Progressive merchants, 


questionnaire previously | mentioned shows tl that the New Y ork Om 
_ merchants who make provision for customers’ cars are obtaining the langest i 
proportion of the Westchester County automobile trade and presumably, 
Max Muze,” Asso. M. Am. Soc. _E.—The speaker is on is one of that large 
J fe and condemned class, the parkers. When he had to go twice within a fortnight i 
ee we. cae through the unpleasant ordeal of paying a . fine and losing half a day in the ¥ 


q Traffic Court, he thought of an idea for making parkers (who ¢ are a 


944 on ER TRANSPOR N.STREETS oe 
= MILLER ON PASSENGER 1 OR’ | 
= 
— —__ 
— 
— 
— a 
— 
x 
— 
a 
2 


is impracticable, an ignorant person like the speaker | (one of clase 
- numbering 5 000 000, or thereabouts) will be likely to ask a very foolish q ques- = 


men to make fifteen or or twenty stops during the day; and the 
as come to be a to them in the transaction of their business. 
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Platform Elevation 12 


lowered t 
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"moving over the th at each side, ‘adjacent 


curb, platform is subdivided in lengths: such that each subdivision is 
sufficient to accommodate one automobile may travel 
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bate es of steel ‘posts about 16 nee located on the sidewalk, just 
s inside the | ‘curb line, support and guide the platforms. The power and drive 
7 for the igetens is provided by a motor and shafting located in a small trench — 
: immediately under the sidewalk at the curb. A single motor can be arranged Ma 
to operate all the platforms on one side of a block. wa 
! The platform, being essentially an elevator, is provided, of course, with all 
safeguards well developed in elevator” construction, support being 
- & furnished | directly by the solid steel driving shafts acting in tension. , a 
jae ‘The operation of the system would be as follows: on The operator employed bs 
‘to attend the block lowers the platform to the roadway. The driver brings his e 
car to position, moves forward on the platform and alights. The 
the platform up to its normal elevated parking position, the entire 
"procedure taking no more than 1 min. The e raising of the cars ean 
be done in moving lowering, however, will be accomplished with 
‘the block is stopped. Pa 
‘The advantages of this iealinn: of parking automobiles in busy sections of 
ties are numerous and self-evident. _ Fir irst and foremost, would come ‘great 
relief of present traffic ¢ congestion by almost ¢ doubling the capacity of streets 
now available for moving traffic. Furthermore, the greater freedom afforded 
a a. traffic by an increase of Possibly 67% over present available roadway w width| 
would accelerate the movement of this traffic, ‘making 
traffic capacity about 100 per cent. 
Car owners will not be limited as to parking time. “Moreover, the 
 eontents, and accessories be absolutely proof theft. will not be 


‘The parking platforms and automobiles do not cover or obstruct ‘the side 


so that the entire building fronts will be visible as ‘now. Although the 
be obstructed ‘the first and second 


across the whereas: obstr 


it would not alter or in any “way affect future buildings, or 
construction existing under city streets and | (4) rapid with little 
i nterference with present street traffic. 
———s With this this plan crimes, depending for their execution on a car waiting at 
ae ‘a curb, would be made practically impossible, for a st still-standing car at the * 
eurb would immediately be “spotted.” The system would not interfere with 
of the Fire Department’s work and may, in fact, be of some assistance to it 
co The shed effect of the platforms would keep two strips | of the roadway clear 
of snow. It would a force. now in pecking 


4 
«regu 
mate 
inve 
park 
cles 
q trie 
4 
an 
de 
a 
Gh 
at: 
4 
ne 
Sey sparking position next to it. The ease, simplicity, and directness of parking i OP 
7 Bo accommodations, together with acceleration of travel by this parking system, i a 
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a ucted from view by automobiles | 
— 
| 
plan offered has the following favorable features: (1) 
a ae first cost; (2) it can readily be made self-supporting and even revenue-produc- y 
‘ 


 gegulation work to the more useful and urgent duty of mobile traffic regulation. eS 
In giving thought to the question of the possible adoption of this plan approxi- ae 

mate computations | indicate that a a charge of 10 cents: per hour for parking is 
gould be made to pay well for the installation, operation, and profit on the 
investment involved. Any one having to ‘put up with the inconvenience of 


parking in Lower Manhattan would gladly pay this s charge. walt 


T. Lyur,* M. Ax. Soc. | ©. E. (by letter).—The author makes a 
clear case for the elimination of automobile parking the business: dis 
_tricts of large cities. In order that an anti- parking ordinance may be effective, A 
however, the limits and complexion of the business district must be clearly 
established. Evidently, in a city where warehouses and light industries 
interspersed | among banks, dr goods stores, etc., such an ordinance would lose 
much of its ‘potency, : since the necessary loading and unloading of merchandise ~ 
: and raw materials would block the streets to a considerable degree. gia ; 
eS Thus, the need of a a zoning s ordinance becomes evident. Without it a clearl 
defined business district t is impossible, but with it, b the vagal: of. 4 of the — 
‘ of buildings, the regulation of traffic greatly facilitated. 
Objectionable loading and ‘unloading of trucks can be eliminated by 
proper provision a of alleys and loading spaces to the rear of the buildings. Such — 


_ provision can be made in the city plan, as has been done in several A 


us, the intimate relation “of the traffic problem to zoning and the .- 


is evident. - Passenger transportation i is improved by 
and the elimination of cruising taxicabs, but an even greater im- 


s provement can be effected by a more comprehensive regulation in connection 


In certain communities parking should not only not be forbidden fig 


t should be positively ‘encouraged. Such communities are found along the great 


National arterial highways. The income from tourists every year is becoming ~ 
greater. It i is. a hardship to compel the tourist to park his" car at a a distance 
from the place where he is stopping; in fact, he will not do it, but will drive é 


methods are quite generally understood by engineers. to, 


= be made by street There many ways of doing this, these 


—The speaker would like : 
TT 


give enormous relief to Manhattan. <n 


Tuomson,t M Aw. 
illustrate ‘two projects which would 
- fine (Fig. %) is a belt-line railroad around the Island, with an elevated street, Al 


100 ft. wide, above it, and an automobile ) speedway, of the same width (it S| 


; bes as 36 ft. wide in Fig. 9), above the elevated street. The speedway a 
only y come down to the elevated street level, say, every Qor3 miles. 


“Obviously, the present street level is s the most economical place to a ae 


railroad tracks, which should be at least six in number. The outside tracks i as 
_ * Prof, of Civ. Eng., Washington and Lee Univ., Lexington, Va. 4 
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would be used any as unloading sidings; the next two as guise tracks to feed 
‘ome the sidings; and the center tracks for express trains—all for freight only ‘ine ; 
An elevated unloading platform, 20 or 30 ft. wide, should extend all sround 


= the belt t line, on | the inside. This would enable ‘ “store > door” ” deliveries, ang and a 


hs 


3 


CLEVATED STREET 
| 


+ 


"| FREIGHT BELT LINE RAILROAD, 
NEW ELEVATED STREET bee 
AUTOMOBILE SPEEDWAY 


key to this ‘problem “is how to get from the elevated street to 


/ ground. To run inclines down West Street, or down the present cross streets 
Pe ‘would ruin them, as they are not even wide ‘encligl for the present traffic. ‘The 
wehuion would be in building inclined ramps through the Contes of the blocks. a 
at first these ramps were built, every 2 or 3 miles, the “property owners 
in every block would soon demand similar ramps in in their buildings. Not 
. _ only would this enormously reduce the time and cost of handling freight ‘i in 
but it would. enable automobiles to. go down town with speed and 
comfort, relieving the congestion on other streets. In winter it — hive 
a further advantage of providing two streets unhampered by snow. 
The second project is to run 42d ‘Street. under Fifth Avenue. Fifth 


_ Avenue at 42d Street i is 10 ft. higher than ‘Madison | Avenue (on the east) and 


Sixth h Avenue (on the 1 west) its grade ‘would be lower than it is now. | The 

8 same e solution, of course, could not be used at all Fifth Avenue crossings, but 

~ it would be quite possible to treat each crossing as a ‘separate part of the whole 
in such a ‘that traffic up and down Fifth “Avenue would never 
have to stop for the cross-town | vehicles, any more than the latter ree be 


delayed d by th the Fifth Avenue business. nel 
These two ‘solutions ‘would increase “ait taxable of New ¥ ork pro 


act ©, 
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JP. * ais ©. E. (by letter) rel motor 
“rehicles on highways is giving transportation a “jolt” comparable in some _ 


_tegree to that given » it one hundred years ago when George Stevenson drew 

a train of ones on iron rails by a steam locomotive. The jolt ero 
jn many ways, and severe street congestion in cities is one of them. The : 

quthor suggests the elimination of parking and goes so far as to -Fecom- 
mend keeping private cars off certain streets, with the idea of confining the use 

af these streets to buses and electric 

_. Public highways were e designed a1 nd built for free use by private vehicles, 

and owners of these vehicles have a natural right to drive them into town | a 


‘if it is profitable for them to do | so; they, and not the eee wper the judges 
highways so as to interfere with their legitimate use by « another 
matter, wholly st subject to pu blic regulation. It is probably ‘useless to o consider - o 
rohibiting private cars from being driven over streets on which buses and _ 
- other carriers are allowed. Without doubt efficiency in the number of = 


sid 
geagers ‘accommodated in a given time could be obtained by buses; but 


eficiency of this sort is not the only factor to be considered. 


elimination o of parking not prevent congestion because this oceurs 


a 


rom 


_ Other means of “hb the problem than by these two suggestions ie 
are pertinent to the discussion. Per 


- The worst congestion occurs at intersections, due to the crossing of streams = 


of traffic at grade. Separating grades is unsightly, and expensive. 
present stop-and- start method causes long» delays when long queues: of 
vehicles have to be accommodated. . In fact, the volume of traffic is reduced Ee 
by this method to less than one-half the possible clear-street capacity if both 


What may be called ‘the zigzag “system “will movement 
by vehicles on all streets except an occasional short stop to allow pedestrians als 


i A cross. A large flock of pedestrians can be accommodated ir in a fraction of 2 


te e time required when strings of vehicles must pass, as now. OO SO 


am The first requisite under the zigzag system is that all streets must be rigidly | iS ee 


restricted to one- “way traffic; the second is s that streets in 0 one direction be — 


selected as principal thoroughfares or arteries and those crossing t them be 


- considered a as cross-streets. Movement on the arteries shall be in one « direc- i 


tion | throughout their length, while that on cross-streets shall reverse ai at owe Be 
crossing of an artery. 10 shows a checker-board layout comperable ‘to 
of New York’s avenues and streets. __ 


‘This system allows no direct crossing of the path o of one ¢ car by ere i 
car. Merging into a a line of “moving cars i is far different from crossing that 


; Me ‘The cross- town car merges into an artery lane, slides over into the next 
2 lane it > in traversing the block, turns into the next cross-street, and at the next 


artery turns back to enter again the street that it just left. 
4 are square the distance traveled by the cross-town car is twice the ‘direct dis- x 
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tance but if stops for pedestrians are avoided, th 
— * time will be less than is required by the stop-start system. In the the New ok 
‘agg street layout (Fig. 10), the distance traveled by the cross-town car will be oa 


‘Under this system and with one-way traffic under any system, one- 
half the street corners need to be rounded. The rounding should be os 
4 with radii of at least 12 or 15 ft. which should be insisted upo | whenever @ a 4 


in 


— 


<ida 


= ‘town traffic is required no surface rail traffic can afaphin.|, In a congested 


7. ee section: rails must be either overhead or in subways. Surface rails i in streets 


With continuous: movement an enormous traffic can be accommodated, 
AS 


Where pedestrian stops cannot be tolerated, overhead crossings with escalators 
ean be be installed at a cost that would not be > prohibitive. ‘Speed and other 


“details of regulations should be established and enforced. A single | lane of 
se moving vehicles will be ample for some streets, a double lane will be needed 


Psd 


in others ; in but few ‘streets: will all the roadway between curbs be needed for : 
legitimate 1 movement. At reasonable speed it should always be possible for. 
2 a car to stop for one or two people to enter or leave; longer stops should be ; 
prohibited. Lanes for traffic should be plainly defined by paint lines on the 
_ pavement. _ In many streets these lanes can be arranged to leave parking space 


; ia either at at one. 9 or both ‘sides. against | the curbs and i in n exceptional cases in the the 
center. 


: ¥ ‘distinction in terminology be made between ranking” cars 
" parallel | to the curb and ‘ “parking” them at an angle. From the curb to the 
a traffic boundary 8 ft. is ‘sufficient for ranking and. 18 ft. for parking. The 
és, latter is preferable, and if on only one ‘side of the street it should be the right- 

hand side as traffic flows, with regular stall lines’ painted on the ‘pavement. 
x These stalls may be at angles of 30 to 45° with the curb, and should be entered 
head on from the traffic lane ) whichever § side of the street they may occupy. aa 

‘age If ranking or parking § space is provided there is no » logical reason - 

og the city. should not derive a | revenue from i it. . The highways are provided | for % 


‘é moving vehicles and not for storage purposes; but when storage can be allowed p 


without sensibly delaying traffic it is wise to it and 


away 
tm pla 
belie 
— whet 
bitu 
a 
for: 
2. 
isa 
and 
4 
— 
— sect 
mol 
— lon; 
ae 
as 
wi 


price. car owner can | an inherent right to area 
for free storage of his car; hence he should pay for the privilege or ote. aE; a 
“away. - Police + are now employed to tag cars that stop too long at a given at: 
place, and they could as well collect the prescribed toll. Bus lines could rent es y 
standing room permanently for their regular stopping berths at which to oon a 
“discharge or Teceive passengers and abutting merchants rent space for 

B.. The one-way feature here recommended, the adoption of which the writer pane 

believes to be imperative in order to get the auindent efficiency i in street service, é Pe 
‘reduces the necessary width of streets Sidewalks should be widened 
where needed. When streets are > repaved the space outside the traffic lanes 

“may ¥ well be. ced with cheaper pavement than is required by traffic. Good 

macadam is ample for these areas, 

Where real rapid transit systems are it would seem ‘rational 

: ie a driver to park his car in some field arranged for storing near a suburban Res es 
station of the system and go into town on a train. The fares plus the ol oe 
for outdoor storage could | hardly be more than a fair “charge by the city for pe 
geet parking, and the time and risk should be materially lessened. - Buses a 


T T - McCrosky,* Sux. Am. Soc. C. E. (by paper 


- jg an excellent presentation of the present traffic situation in the larger cities, 


and suggests valuable methods of of aiding in the eqyetion of the ‘problem of 


The writer that the discharge capacity of city streets is deter- 
mined not so much | by their width as by the size and complexity of their inter- 


“sections. Street ‘intersections mu must be enlarged. In busy sections, a great = is 
enlargement in most cases would be : prohibitive i in cost, even were it physically ee 
“possible. Fortunately, there is a means of increasing the size of an inter- cap / 

section which comes under the head of minor changes. 
aR was found by experiment that the turning radius of a certain auto- 
having a 132-in. wheel-base was 17 ft. 4 in. “Many cars have an even 
_ Tonger radius. Furthermore, when a car turns a corner, it does not follow a 
circular ‘curve, since the steering wheel must be turned gradually. order 
to avoid ‘the necessity for the car to swing 0 out toward ‘the center of the street 2 
it is entering, and 1 thus waste roadway space in the intersection, not only — 
should the curb corners be of long radius, but also, when feasible, of + varying = 7 
_aerlend Such curves would be difficult to locate, and a simple but satis- : 
factory substitute plan is illustrated in Fig. 11. _ The 25-ft. radius has been | 
do for purposes of illustration, as representing the ideal when sidewalk — /! 
widths and intensities of pedestrian traffic permit its use. 

BON En. the case of heavy pedestrian traffic, this type of curve would cut off bebe os 
- too much sidewalk space, but in no case should the curb corner be cut back a 
~~ a radius less than the width of the narrower sidewalk; and a radius equal a 

to the width of the wider sidewalk is usually practicable. When pedestrian 


trafic is fairly light, the method illustrated can always be used; and it can a 
Instr., Sheffield Scientific School, Yale Univ. Haven, Conn. 
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oles be it is possible. to pass traffic under aa 
a of the building. { This i is done by cutting back k the corner of the building on om 
4 the first floor, and supporting the upper stories on a column. A great pol 
4 shops: now provide this facility in order to gain the advantage of having 
ad Radigis 05° 


terry LocaTING CURB CORNERS AND CROsS-WALKS. 

es. WwW Jith curb corners cut ke as illustrated in Fig. 11, cars making right- 


& turns would be able to hug the curb all the way It would be advisable 
WwW 

to prohibit the ranking and stopping of vehicles for an appreciable distance 
back from the curb line of the cross street. This restriction gives an extra — 
traffic lane on each side of each street at the intersection, which is precisely 

where extra space is most needed. At the intersection of .two 50-ft. 
ways, the diagonal distance | between ‘curb corners cut on 6- -ft. radii is. 75.6 ft. 


When the radii are increased to 25 ft., this. diagonal distance becomes 91.3 ft. 


‘This, again, shows how the size of an intersection may be increased by thi id i 


sale, means. By the curve and tangent method 


7 


been argued that long radius make it harder more 


tion does not hold when cross-walks— are in curves. (Pig. 11). 


Furthermore, observation at the corners in the vicinity of Times Square, 
New ‘York City, indicates that emall Tadii are more pernicious than 
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theater crowds. Instead of waiting on the sidewalks, where they should, th 
a Sy cae. pedestrians stand in the roadway, about 3 ft. from the curb, knowing fro ae 
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experience that most automobiles “one to swing the corner at least that far 

from t the curb. - Then an automobile approaches which can turn on a 12- ft. 

dius. The pedestrians try to back up and get back on the sidewalk, but ? 

we unable to do so on account of the crowd behind Many accidents 
result. If the corners were cut back so that the majority of automobiles cz 

could follow them closely, in a short time the pedestrians would realize that eg Se 

‘qhides practically : always Ways: turn close to the curb, and would soon learn better ae 


than to stand in the gutter as they do now gilt Yor 9 
 Cross-walks should be curved as illustrated in Fig. 11 °A All ares ae 
cular. In this way, the pedestrians are are kept a little farther from ‘the con- 
gestion in the intersection, are less in the way, and run less danger of being 
hit by cars turning corners. intersections at which ‘is installed the 


ut the 


The w writer is of opinion that it would be fair to all 
ranking along street curbs, nor would it be possible. A driver would still a! 
retain the privilege of stopping for the instantaneous picking up or deposit- ns 
ing of ‘passengers, or for the expeditious | handling of goods; and such stop- meee 
ping, as has been pointed out by numerous authorities, would rob the street bi 


of a lane of moving vehicles for some distance in front of and behind the ae ; 


standing car, as operators will not drive next to the curb for fear of getting A a 
“boxed” behind a stationary car. It is none the less perfectly fair to refuse Be; aia 
ranking s space to the selfish driver who wishes to leave his car on the public — ste Bua 
street all ‘day long: @ pedestrian likewise elected to stand on the side- 


must have the petvilege of stopping at the curb | for a a tebdotabde time, ‘except 

close to street intersections, and this privilege becomes impossible of realiza- Mir 
tion when certain drivers elect to block the curb all day with “dead” vehicles. mi. . 
> The relief of traffic congestion is an engineering problem, and the solu- 
tions of it must be economic solutions. - Such ultimate means of relieving Be 
congestion as sidewalks: arcaded on the second story, and, eventually, build- be a 
ings standing on stilts, thus providing running and parking space beneath i 

them for vehicles, are are bound to come. _ Engineers and architects would do 

seriously to consider providing some such facilities i in future buildings. 
‘The writer agrees fully with Mr. Miller that, in the meantime, traffic engineers 2s 
an do much to increase the efficiency of transportation in city streets. without - 
altering the existent curb and building lines. Jong 


M. Ke. Soo. C.E. (by letter) 
rr accord with Messrs. Stevens, Lewis, Slattery, and De Blois, than with the 
author, i in so far as they point out the fact that the | capacity of many streets 
or highways i is limited to a far greater degree by obstructions | ‘such as ‘eroas s 
There “may ‘some “exception to degree) the | case of certai in 
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to o have centered—the eross- traffic interruptions ar are much ‘the more 

f d he effi and 

serious actors in decreasing the ciency - capacity. 

In connection with the study of certain economic factors governing the 


=) 


3 side of the Hudson River, ah tion were m made by the writer and 8. Jann 


traffic: proceed for 3 min. and the cross traffic for 1 min. 
It was. further assumed that there would be measurable loss during only 15 4 
hana each day, when traffic was regulated, and that the loss on two lanes in a 
; ‘2 one direction would be only about one-third that of the other two lanes on the % 
highway moving in the direction of maximum flow of traffic. 
oy. we - Without going into details of the computations, it may be stated that the . 


a. "actual loss in car-minutes per day was calculated to be: 


ing, very cost, this new to take care of the ‘traffic 
increase in this territory, the question of traffic gems is an element of ; 


| 
mi 
di 


of this in n regard to the and cost. of the delays due 


a an The only solution of the traffic congestion problem which appeals to the — 
- writer is that now being put into effect in New Jersey on the highway referred 

a namely, the entire separation of through from local traffic, . It involves ; 
= large expenditures of money, but the most conservative estimates of losses to 
« ss the operators of motor vehicles will show in many, if not all, of these cases 


7 that there is hardly any expenditure for this purpose which may be ond 
3 


a. 


at all within reason, , but what can be an economic Point of view. 


nine 


 Joun A. Mize, Ip. Assoc. M. Au. Soc. C. “(by letter). —Elimine- 


‘New 


_ tion of parking on ‘Fifth Avenue, New York City, during the 1926 subway 


a strike resulted in an increase e of more than. 50% in the speed of vehicular. 
. Set between 32d and 52d Streets. On June 17, 1926, the writer found 


re 


— 
mob 
hou 
j= 
main-line highways, each capable of carrying four lanes of traffic. 
a It was assumed that the main through highway would have a trafieof inc 
4 
— 
inte 
a | 
‘ 
= Jeera Assuming an actual loss of 2.2 cents per car-minute (an average for 
— ‘ Be _ proportion of various types of vehicles assumed to use the main highway), 
a ‘a ares total monetary loss was calculated to be $156 000 per year, equal to a cap 
ized value of about $30000008 owed! 
a a ok monetary value of another $3 000 000 due to the decrease in capacity on acer 
y Be? aa of the delays. These calculations are believed to be conservative, and ca 
— 
— 
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hy careful investigation that average speed of north- 
mobiles in this area between 3:00 Pp. M. and 6:00 Pp. M., was about 4.3 miles per , 
hour. On July 28, with anti-parking regulations in effect, a second check 
“showed an average — of approximately 3 miles ‘per hour. Other 


a of | streets is by the That theory i is only 
- partly tr true. Of course the elimination of all crossings at grade would greatly = 
- increase the capacity of any street; but such elimination is a dream of the i a 


wat 


future. For the present cross movements are and the is 


crossing in a given time is increased 5 50 per cent. _ That Was what 
happened on Fifth “Avenue when parking was eliminated. On the day when 
the second of the two observations was made, north- bound vehicles crossed the 2 
49d Street intersection in three lines, while on the first day they crossed i1 in only 
two lines. The same space was available at the intersection on both occasions, a 
but on the earlier date automobiles parked along the curb between 42d and aD 
48d Streets created a bottle-neck on the far side of the crossing. 
- Undoubtedly much can be done to improve traffic conditions at ddaiedt ores = 
Sidon _ The full width of the roadway should be available for moving traffic. 
Teft-hand turns: prevent ‘the most efficient utilization of “space at an -inter- 
tection and should be prohibited at heavy traffic points. This was brought — 4 
by Mr. Slattery. Cutting back the corners permit vehicles to turn 
on a longer radius while yet hugging the curb, as suggested by Mr. McCrosky, % SD me eee 
prove advantageous i in many places. Better control of pedestrian move- 
ment certainly would help. All this, however, will do little good if the road- - = Bs 
way space between intersections is “not used to the best -advantage—a con- 


- dition that does not now ‘exist. Detailed consideration of these matters, ho how- 
e argument has been advanced by Mr. Stevens that elimination of 
‘} parking will not create an additional traffic lane because a 8 certain: number of 
vehicles will always” be : stopping along the curb to pick up or discharge pas- 


This argument assumes that these vehicles are in the habit of 


drawing up close to the curb, but such is not the e case. | Often a solid line of a = a 
parked automobiles renders the eurb inaccessible. — Consequently, vehicles 


the roadway. Thus, the elimination of parking will actually create an addi- 
tional lane for moving traffic despite the “necessary stopping of ‘occasional 


a It cannot be denied that there is some curtailment of re of 7 


= up or discharging passengers” stop in a second line in the middle of eS 


ndividual when parking is restricted, but Mr. Long goes rather far in saying — mi 
that this is is contrary to the American spirit. Restriction o of individual rights 


the maior nart of the credit for the improvement. 
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- The “no parking” rule is only : a new example of a well-established } principle is 


‘regulation than suffer it is justified. Of this the public and 


TABLE 6.—PASSENGERS CARRIED py AND Private 

‘persons using Number of Percen ‘ 


rtation bil 


Broad and Market Streets, Newark, 
district, Detroit, Mich............ 

‘Business district, Baltimore. Md.......... 
— Louis, Mo. 


From all available evidence it appears that the beneficiaries of parking — 
"restriction would far outnumber the sufferers. A careless assumption often 


on Fifth “New York, showed “six” times as many passengers 
in public. vehicles as as in n private automobiles. Traffic. 


checks made elsewhere show similar conditions. Even i in Detroit, the greatest 


manufacturing “center in the y more ‘than three-qu: -quarters of 
the users of the street ride in public transportatior n vehicles. Figures from 


TABLE 7—Meaxs OF BY STORE CUSTOMERS, 


ty th Number of public ‘persons using by private 


Gustomers in this Investigation were specially selected as being of 8 
- likely to have come by automobile. 


An even smaller proportion ¢ of private automobilists i is shown by investiga” 
tions» made to determine ‘the means of transportation: “used by 
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stores. of 426 688 customers at 71 stores 

cities only 15.8% came by private automobile. Results of counts @ 

— Not all the users s of private automobiles are “ ‘parkers”. | M Many are en es 

gad’ do 1 not wish to stop. » Possibly this is. why the store counts show a smaller 
percentage of automobilists than the street counts. _ Many others leave their 

automobiles in garages. It is difficult to tell exactly what proportion o of the 

‘users of private automobiles actually are ‘ ‘parkers”. - Figures on this | phase Rae. 

‘developed by the four Chicago department stores mentioned in Table 7 ‘T show 

452 automobiles parked free in publie : ‘streets, as compared: with 369 using paid tia 

storage space. It is safe to say that not one person in ten really profits by the 

No one has suggested that elimination of automobile parking on 

streets offers a complete solution of prt of traffic congestion ; but a 

_ experience has shown conclusively that it does afford relief. It can be done aa 

once. The cost is practically nothing. majority of the public 

benefit by the greater of roadway for moving tr traffic. A 
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STREAM REGULATION WITH CE TO 


TRRIGATION AND POWER* 
Wirn Discussion By Messrs. Epwarp H. F. Hex- 


Barry Ratr R. ARTHUR P. Davis, J. W. Swaken, 
=a 


J. D. AND np J. C. STE 


4 The regulation of the ws water a it ‘available both 
power and irrigation is largely a local problem. 
Power and irrigation demands are usually 80 widely ‘differ ant thi the 


- cision must be reached as to which use shall be given the preference, and rarely 
the two demands dovetail 80 completely that t there i is no > conflict. 


are for the storage of ir irrigation water, plants are being built to 


3 develop power when and a: as irrigation water is released from them. On 80) 
_ streams by reason of the law of priority of water rights the opposite is true 


and irrigation use is secondary to power, agriculture by irrigation thus becom- 


il _ The purpose of this paper is to inquire in general terms into the varied 
conditions where power and irrigation uses are of importance and to ascer 


tein whether it is possible to aid in providing against a conflict of interests 


af 


where new are in prospect, in harmonizing to some extent 


ts Presented at the meeting of me Power Division, Salt Lake City, Utah, July 9, 1925. 
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In general, the more uniform the flow of a stream the more useful 
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be In the arid West there i ‘is much 1 more land suited for irrigation than there Bers 


is water to supply it. x Practically all land ant can be irrigated from the un- > 


“of irrigated areas, must depend in the main on water 


F supply. On this account it is safe to state that i in the arid West the important — 


‘for storage capacity must be to make that supply 
available during the irrigation season, , and it makes no great difference whether 
that supply accrues gradually throughout ‘the 3 year or within a few mon nths, 


16 "IRRIGATION DEMAND 


San Joaquin /2.0 Ft. 


3 
wes 
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‘ 
an. Feb. Mar. Apr. ~ May June July Aug. Sept. Oct. Nov. Dec. 


Passing from the southern to the northern limits, or higher altitudes, of 16; 
the arid West the irrigation season becomes shorter, with correspondingly vals = 


greater variation in the monthly irrigation” demand. Tn order to illustrate 
this point the water requirements for typical irrigated sections of the West 
“are Fig. 1. It will be noted that the maximum monthly demand 
varies from 13% of the yearly total: in the Imperial Valley to 84% in the xa 
a Klamath District. It is obvious, therefore, that for equal land areas and 
equal yearly water yields, reservoir capacities and distributing canal capacities * 
_‘Tust be relatively greater | going toward the 1 north, if the same yearly total « of Ke 
: irrigation water is applied. There appears to be no relation between the net 
yearly duty of water and the intensity of its application, this being goveined 


factors other than climatic. the water r requirements of Impe- 
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with only a 5-month season ; but the intensity: 
- eation in the northern district is double that in the southern, hence for r equal 
water supplies, reservoir and canal capacities per acre in Northern Washing é* 


ft 

‘The only common characteristic: between irrigation and power 
ih 
is the irrigation pr pumping load. Although considerable | power in n the aggre 
is used for irrigation the proportion of total generated Power 
‘used i in 1 the West so its effect on the total demand is 


hardly noticeable, 


ontinually increasing pumping deman © 
a... here are about 19 000000 acres under + irrigation at present | (Tuly, | 25 
sh the United States, of which 16 000 000 acres, or 84%, are supplied by grav 
bp ‘ity, and 3.000 000 acres—only 16%—by pumping. I It has been estimated that 
there are approximately 15 000 000 additional acres that can be irrigated by 
- gravity through reservoired water supplies, and 10 000 000 additional actes | s that 
can be watered by pumping hus, the p proportion of acres 


of 40 ft. An acre-foot of water falling 1 ft. represents the same amount of 
energy as a kilowatt- hour. The average power consumption of the. plants 
to w as 2 2.1 hr. per acre-ft. lifted 1 ft., hence their averag overall 

— total electric Power generated in the ‘United States im 3904 wan 
60 000 000 000 kw-hr. all irrigation) pumping» in the United States had 
been by electric power on a water- duty basis of 2 ft., the total energy 80 used 

a would be 500 000 000 kw -hr., or only 0.8% of t the total power demand of ‘the e. 
‘United States, ~ Compared with the Mountain and Pacific States alone, wherein 2 
11.000 000 000 kw- hr. were generated i in the pumping load would 5 


Sena 2.5 to 200 ft. shotiad a total of 608 000 acre- ft. lifted an average h height — ‘ 


ae The growth of industrial power demand in the West is | probably: geod ia 


ooh s than the growth of power demand for irrigation pumping, hence it seems safe ; 
to. assume that in the Mountain and Pacific States the power er demand for irri 
— gation pumping will not exceed 4 to 5% of the total power demand in those 
States, even if all susceptible areas are ultima tely mnder irrigation 


entire West, ‘indicates that irrigation pumping will not be a controlling factor 
in power development, it is, nevertheless, a very important factor in certain = 

Fig. 2 shows the monthly power output of five large power systems of the 
Went The Idaho Power Company shows the greatest relative demand for 
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For comparison ‘a typical lighting load is shown on same Note 

fliat.the load characteristics of the Idaho Power Company are quite symmet- 
tieally opposite to those of a lighting load, due almost exclusively to irriga- 
Yo al in 


’ Practically none of the rivers of the country has flow characteristics that 


eoineide with either the power or the e irrigation demand. It is obvious, tl 
~ fore, that if the natural water supply is to be utilized as fully. as practicable, — 
xtensive artificial regulation is 
ih yy) € teil 
Figs. 3 3 to 9, inclusive, show the | water supply | characteristics i in seven rep- 


be resentative districts, in elation t to the irrigation and power - demands therein. 


are enclosed each curve. 


| POWER DEMAND ¢ 


= 8. 


Percentage of Yearly 


Feb. Mar, Apr. May June July Aug. 

Irrigation is generally recognized as ‘the superior use of water, and right: 
fully 80 o, Water supply alone governs the extent of irrigation, but does riot 
- govern solely the amount of power that may be developed, as both head and 
Supply are ‘factors in hydro- electric” developments. There are many sub- 
stitutes for water in power generation, but there is no ‘substitute for water in 
- irrigation. It may as well be conceded, therefore, that the water of the West 
destined ‘to be used for irrigation peimnetily: and that power generation may 
utilize what is left after irrigation has been supplied. 
On each of the diagrams, Figs. 3 to 9, the extent of artificial storage 
oe 4 uired for complete utilization of the oe for irrigation is indicated mes 


a 
, 
— 
— 
os 
= 
= 
— 


the yearly dso the proportion of the | annual water supply 
can be used for power after irrigation requirements have been satiated, 
a ‘Fig. 3 shows the characteristics of the Lower Colorado River Valley, m 4 
‘the flow of the Colorado River, M% will have to be stored to render the eaten | 

supply available for irrigation. This would amount to 2 800 000. acre-ft, for 
average water year. The U. Ss. Bureau of Reclamation has 


. a land to utilize the entire water supply. If this river were completely i 
5 regulated by storage 1 for irrigation, 85% of ‘the water supply could be eek sed 


i, for: power without interfering with irrigation. . This would mean the possible 
a distribution of of 700 000 000 kw-hr, for every | 100 ft. of fall utilized. a el 
Fig. 4 shows the characteristics i in the San oaquin Valley. The 


required i is 84% of the yearly : supply. Of this: supply 65% ‘could be used for 


4) 


Salle Fig. 5 shows the stemetiaiitinn. of the Sacramento Valley a indicates 
In the Salt 1 Lake Basin, Fig. 6 hows that 64% of tI my water must be stored a 
. shown in Fig. 8, 44% of the supply in the Yakima Valley must be stored #1 
Reservoirs already. constructed or planned for early completion in 


. that 63% of the annual supply will have to be artificially stored for complete ae 
utilization of the water supply fo for Only of the supply may 
used for power without interference. 
irrigation ‘and that. only one- -half ‘the yield may be used for power, 
for complete irrigation, and power use may be » made of 58% of the yearly 
- this water -shed will have an aggregate capacity of 1285 000 acre- ft., which i is 
of just indicated as required for the average: low- “water 


merits for power over irrigation, Deschutes River mag : 

In spite of the remarkable uniformity of flow, 64% of the annual supply 

Pi must be artificially stored for complete irrigation. . On the other hand if the 


water of this ‘stream were reserved for power the entire supply could be 


small reservoir of 60 000 acre- “ft. would completely regulate the 
Sa power purposes, whereas the storage . of 640 000 acre-ft. is required to acco 


. ce? plish the same purpose for irrigation. If so regulated for irrigation, only pole - 


b ea of the upper river. supply will be available fo for power without interfering with see 


In this basin it is proposed to construct reservoirs having an aggregate 
‘capacity. of 525000 acre-ft. which will furnish complete regulation for the 
{avigetion of all available land during the year of least supply. It is:also pro 
‘posed t to construct a reservoir of 100 000 acre-ft. capacity on its principal trib 
— utary, ‘Crooked River, to be used entirely for power on the lower river, thus 
4 regaining to some extent the power possibilities lost by y giving ‘preferential . 


‘rigation use to Deschutes River water. to silitw bow up 
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wide terms, and are presented to show the maximum characteristic ten- 
a only, without in any way attempting to outline ‘specific projects or 
ais > supplant. particular studies that have been made. ee 
: In particular 1 the data given concerning the he quantity of water available 
for power a after irrigation requirements have been met are subject toa oe 
interpretations, If one group of power plants could be placed above i irri- 
gation reservoirs and another ‘group below, but above canal diversions, i in 2 many 
cases the entire supply might be almost completely utilized for both Power 
and irrigation without conflict of interest. . In some instances, for example, 
Deschutes River, power development will be largely confined to the lower 
; tive where return water from irrigation becomes a very important factor cs 
— On other streams, notably in the Sierras, “power plants with their own | ‘storage bas 


= 


‘are being extensively | share reservoirs and 


is evident, therefore, | that the use use of water for irrigation or power, 


cases. 


gewer is developed as a by-product of irrigation just below i irriga- 
tion reservoirs or at drops in irrigation canals, it is impossible to utilize th 
‘full | supply for power unless a market having irrigation characteristics is — 


a 


=. 


Joaquin Valley. Mr. Bryan states that in this Valley, je completed 
eee construction, or about to , construct, will irrigate nearly 600 000 acres of 
land by gravity and at the same time sufficient power will be developed to iri. 
gate an equal area by ‘pumping through a -90-ft. ‘lift. is ob obvious that if 
irrigation water is stored 100 ft. above the Valley, the release of that water af 


represents energy to lift. an a equal quantity 


| power 1 must depend quite largely on 

irrigation pumping, or otherwise on- its transmission to industrial markets 
oe supplied by steam. . By interconnection n of large power systems i it is pos peek! 
sible. that this irrigation. power 1 ‘may become § an ‘important agent in reducing x: 
the amount of steam-generated power, , but its time distribution is such that 
‘it cannot ‘supplant steam auxiliaries, because of the low- water periods prior 


and subsequent to the ierigation ‘season when this power is not available. i 


is, and slows will conflict power and irri- 
ig 


a = ‘admitted ‘that complete harmony of u use can n rarely be obtained. 
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of Agricultural Storage”,* Everett N. Bryan, Assoc, M. Am. Soc. C.E., has 
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gation, such as are possible on ‘the Columbia River, and streams draining the +P 
western slopes of the Cascade Mountains, coupled with the interconnection 
of extensive power § systems will largely obviate for many years to come the Fe aa 
ecessity of an attempt to harmonize these conflicting uses. _ B od be 
Ih particular instances considerable can be done to dovetail the use of a ey i 
water for power with that for irrigation. The Salt Lake Basin, _ where prac- 
eed all water used for irrigation i is also used. for power at some point in its 
4 line of travel from mountain to lake, furnishes an excellent example of what — 


BG: 


| 1908 1912 1914 1918 1922 1924 


e demand for power is increasing more rapidly than the demand 
agricultural products. demand for foodstuffs increases directly with 
Boag of population, whereas demand for power per capita is compounding P 
ata startling rate, JA comparison of the growth of population i in the United — 

ef ‘States with that of generated power in kilowatt- hours per capita is shown in 
1 10. During the past twenty years population, and with it t the demand — 
for pit products, has in increased 38%, whereas p power ‘consumption per 
capita has increased 1200 per cent. | 


next decade will see ‘an enormous growth in power production, and 


a) one can predict when the saturation point will be reached. _ On the other “ 
hand the growth of agriculture will be comparatively slow, the saturation point ¥ ; 
having been reached many years: ago. fact, saturation hes, qui 


Spparent since the World War. 
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Such teoniditions: will tend to increase the conflict between power and re inti 


gation. Nevertheless, the water ter supply of the West must preserved for fm 
; ees agriculture regardless of the power demand. Every effort should be made to ef 
‘ harmonize the two wherever conditions permit. It is believed that much aa eal 
Pe done to accomplish this, but the problem is strictly a local one ‘and no ‘ 

general plan of procedure can be outlined. 


rad Strictly speaking is only one known method of flow, 


and that is by storage. Storage, however, may be accomplished. in more than 


Chit 
one way, The s storage of water behind dams in suitable reservoir r sites is the ‘ wa 
— 10st direct and efficient method known. It is estimated that in the West ie 

suitable reservoir sites exist where water - supply sufficient for the irrigation 
a some localities where suitable reservoir sites are not to be found extensive ff wot 
coil ‘storage may | be developed. Butte Valley, Northern California, water 
rom melting ‘that formerly collected into basins and evaporated before 4 the 
it could be. applied to the lands, is now pumped back to the margins of the 
Valley where it sinks into the ‘soil and is later recovered in galleries 
plied by gravity pumping to the valley la lan mds. 


_ is suggested that a somewhat similar plan is worth serious = for 


se sewage into the ocean, 99% of of which is pure water. If this wasted were tot 

treated by modern | and pumped back on to the adjacent valley lands 

ity it would replenish th the rapidly diminishing ground- water of this region without _ |e 

él the slightest danger « of contamination or injury ' to the health of the residents of = dn 

3 - those sections. -Forestation as another | method of storing water is being per- 

sistently. advocated and should not go ‘unchallenged... The writer has been a ae 

: : student of the effect 0 of forests on water supply for many years and has yet t to | 6 

as 8 find reliable data to prove that forests have any appreciable value in conserv- “i 

ing water supplies. should be construed. as “meaning that he is 


. we opposed to the forest policy : now in effect « or the ; plans | for systematic refores 
Bs; aid tion that are rapidly taking shape. There is abundant : and urgent need for 


protection and “perpetuation of the forests, from the standpoint of timber 
_ products and recreation, but why persist in attributing to forests, effects and 
Propaganda on this subject has been persistent and misleading, as iNlus- 


ef — trated by the following quotation :* “The connection between forests and rivers 


ig Tike that between father and son. No forests, no rivers, .” Exaggeration, 


= 


* 


3 


of course, but nevertheless an epitome of the intellectual diet on which engi eg 

baa Great plans have been made for exhaustive research into this question — 
Comparable areas, forested and treeless, but otherwise similar, have. ‘been 
selected with great care, and elaborate hydrographic and climatic observa 


“The Fight for Conservation, Gifford Am. Soe Doubleday, _ 
Page & Co., N. Y., 1910. ia] 
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gamer of water, which | fact \ was already: Berets’ consume from: 15 
to 30°in. of. precipitation per year, and that is 3 about all there is to to ity If other 
effects exist, such as retarding the melting of snow, , absorbing and holding 
moisture: in the forest litter, stimulation of soil infiltration, and retarding “ae 
- surface run-off, they are too insignificant to be of economic importanee. a 
it No one can study the masterly | analysis* of this subject by the late H. M. os 
Chittenden, M. Am, Soe. ©. E., the reports of the Tenth Navigation Congress a 
held at Milan, Italy, in 1905, the reportt by D. W. Mead, M. Am. Soe. CO. E, ws. 


W the analysis of Merrimac ‘andl 1Conmnésiont River 
conditions by Edward Burr,} M. Am. Soe. C. E., and Harry Taylor,§ M. Am. 

- Boe. C. E., the writer’s paper entitled “Forests and Their Effect on Climate, ea 
Water Supply, and Soil,” and other papers ers and articles that treat this subject 
- taletly on its merits, without being convinced that there i is no foundation for ie 


the popular belief that reforestation is a ting stream 


water-sheds where the total Precipitation is or will ultimately be 
ind for irrigation and where the entire supply may be regulated by storage i 

reservoirs, the forest on the water-shed is a detriment instead of a benefit, as 
oe as water supply alone is concerned; because if it were not for the forest: the ene 


a toa water yield would be increased by the amount the forest now consumes. an 


ipate late of the pre precipitation that would otherwise run off the 


area. This dissipation, however, is concurrent with the supply through 

_ increased evaporation and, during the growing season, through transpiration. mid 

4 - Flood supplies are not held over to © augment summer yields as is popularly xe 
Forestation, therefore, as a means of water storage and stream 
regulation is without economic value from the standpoint | of practical 

of Htated the ators cayapity ae eporas 

4 In treating this ‘subject. generally no tangible means of effecting harmony a 
between the use of water for power and irrigation has been disclosed. Both 
require “artificial stream regulation, but irrigation, having preferential 
tights, deprives power development of the full utilization of the supply that 
“might otherwise obtain. Water is vitally indispensable for agriculture, but 

not for po power, hence the justice of preferential use. p af ftow for 

for power conserves surplus waters for throughout 
- entire year, whereas regulation for agriculture conserves the surplus. for use ae ; 


about one-half the year. — speaking, greater capacition 
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. Tf tions have been made on them over a series of years, Long standing records — eet 
* ofriver flows under varying forest conditions have been serutinized. Labora- = 
tory. studies have been made, and volumes have been written, but the only 
de 
— 
— 
th. t Bulletin No. 425, Univ. of ta being built oi af 
t House Doc. No. 9, 62d Congress. ix equivalent ta 
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are required for complete utilization for irrigation than for power, ‘the 


_ Uniformity of stream flow is a valuable characteristic in power develop 3 
= - ment, but loses much of that value when the « entire ‘supply is devoted to agri 


Complete regulation for both uses will require storage in high altitudes 
for power alone and foothill re-storage for irrigation, Power obtained from 10 
ran the utilization of released weerun water will minimize the amount of power i 
Power from irrigation release has its most promising in irrigation 

ae | pumping, but the extent of this market is limited, and it can never be hoped ig 


utilize all the power that can thus be developed. 


a: Primarily, actual regulation may be accomplished through the construc a dle 
tion of storage reservoirs, and, secondarily, through soil storage, but not at eon 


_-—-sTn many eases harmony can be fostered and. much can be done to eliminate _ Or 
conflicting interests. Power must concede the superior right to irrigation | and, 
in the long run, will benefit s substantially by that concession. 
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: IRRIGATION AND POWER 


pwarp H. Sarcent,* M. a Soo. O. E. (by letter) —The statement has Bak 
frequently been made that stream regulation for the combined purposes of 
q power development and flo ood control is impracticable . on n the ground that for _ 
t flood-control purposes a reservoir should at all times be empty, which condi 
tion would destroy its utility for regulation for power purposes. — This thought © fn 
has probably been due to ‘the fact that frequently it is not feasible to build a — 
storage reservoir of sufficient capacity adequately to control the flow of the __ 
vater-shed at the dam site. The writer will discuss two projects with which 
5 he is familiar where it was feasible, principally because of the effect on power oe 
P velopments, to build reservoirs sufficiently large so that their operation for a 
power to a great extent controlled the flood flow. ina ods 
In the preliminary studies of the so-called Portage Reseriels; made aie 
_ the direction of John R. Freeman, Past-President Am. Soc. ©. E., it = 
- Patined to build large cuifices' in the spillway section of the dam at such an 
elevation as would permanently reserve a large amount of storage for 
2 control—in other words, | the top of the reservoir was to be made into a  retarda- ; 


“capacity of the reservoir was to be used in stream for 
purposes. the time the studies were made (1907- 08), only limited stream- 


to throwing away that amount of storage which could 
been used for power purposes. The water-shed in question: was 958 sq. miles a. 
in area and the proposed storage totaled 413 000 acre-ft., or 431 acre-ft. | per zea = 
sq. mile of water-shed. ‘Stated i in other terms, the storage capacity was approx- ‘ 

* imately 52% of the average yearly run-off at the dam site. The economic: 

= the probes made it feasible to develop storage to furnish this high degree of 

3 


control which was such that, in the period of 1908-24, had the reservoir il = 


operated for power purposes, ‘only on wuld. normal flow of the river 
immediately below the dam have been‘exceeded. 
‘The Sacandaga Reserv ervoir, now being built (1925) under the direction of 4 = 

the writer, is to serve the dual function of regulation of stream flow for power _ 

and for flood control. This reservoir has a -water-shed at the dam site of 1 O14 

» sq. miles and is the principal tributary of the Hudson River, which at the 

“center of gravity of power” has a water-shed of 2780 sq. miles. The water- 

| ed of the Sacandaga River lies in a region of much higher precipitation than 

i that of the Genesee River and the Sacandaga Reservoir is being built to - 33 
oa cme capacity of 689000 acre-ft., which is equivalent to 658 acre-ft. a : 


— 
il 
= 
— 
= 
a 
— 
4 
ion Dasin, the orimces Of SUCD Capacivy aS vO aisCcnharee age 
that time daily records of the flow of this river have been kept. Extended 
hid mass curve studies of these records have convinced the writer that practically ec iii 
the flood control which would have been obtained under Mr. Freeman 
ie n wo e obtain in e enti e ir capaci Tr pow (ae 
_ plan would be obtained by using the entire reservoir capacity for power regu- Lane: 
fe 
= 
j 
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Betwe een the dam and the confluence of the Sacandaga and Hudson Rivers 
paratively large a amount of fall immediately below the dam, the Teservoir 


aa per sq tows of pe -shed , almost “exactly 50% of the total run- off in an ea 

isa ‘fall of 152 “which is undeveloped, and on ‘the. Hudson below 

confluence there is a fall of 548 ft., most of. which is developed, 
making the first studies of this reservoir: it was felt that, because of the com- 

would have to be operated to provide | the best flow possible at the. dam site 

Se and that this would seriously i impair its usefulness for flood control, ingame 
as, with power plants immediately below dam, water, would have to. be 

released from the when: the Hudson River was in flood. It has 

- 3 developed 1 that the power which will be generated at the power plants s between 

the: storage dam end Hudson River will | be wanemitied into the systems: 


of electric so that ‘shutting immedi- 


a an ately below the storage dam, in order to minimize conditions of high water on Fy . 


eS J ‘the Hudson River, does not seriously impair their usefulness. This condition — 
- / _ makes it feasible to operate the reservoir to produce the best flow possible at 
ye the “center of gravity of power” on the Hudson River and at the same time : 
makes it unnecessary to release water from the reservoir when’ the Hudson 
(Rive is at high flow. This regulation | will 3 increase the minimum flow of the © : 
Hudson River at the so-called “center of gravity of power” from the present 
(1925) minimum of 900 sec-ft. to 3 000 sec- -ft increasing the firm or continuous 
power from 34 000 h.p. to 160000 h.p., on a load-factor basis of 100 ‘per cent. * 
- At the same time, this regulation, pa soe in effect will subtract the flood es 
= _ from 1044 sq. miles, will eliminate most of the damaging floods on the Hudson 
River immediately below its confluence with the Sacandaga River, , and 
reduce those not eliminated. The Hudson River Regulating District is a 
publie corporation created as a result of an Act of the Legislature which 
quite similar to the Miami Conservancy The general plan of the 
: 4 trict calls for the eventual construction of sixteen storage reservoirs having 
me a total capacity of 1800 000 acre-ft.. It is believed these 
= & although they are to be constructed primarily for the regulation of the flow 
of the Sacandaga and Hudson Rivers and their tributaries for power ‘pur- 
poses, ‘will largely prevent floods ‘on the Hudson River above its 
Too little consideration is given in the design of spillways of storage reser- a 
 -yoirs to the storage above the spillway crest. Not infrequently plans provide 
—— = for as great ‘spillway length and capacity as if the ‘proposed dam were merely ie 
‘Gaal a power dam without a large flowage : aren.) Engineers are ‘prone to take from 3 
| one of the well-known curves of flood flows of typical streams a maximum Pe 
| 


— 


ow for the project in question and design the spillway accordingly. If the 
4 


project is that of a storage reservoir with a large area, the effect of — 


above the spillway crest would largely reduce the necessary 


ve 
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is For example; in the design of the Sacandaga Reservoir, a flood flow | on on 

rf square- mile ba basis equal to the Miami flood | of 1918 was used (Fig. 11), a assum- “a4 
ing that such a flood oceurred when the reservoir was full. The storage above 


the crest would have reduced this flood : from 120000 to 60 000 cu. 


h as the topographic. and geologic ‘conditions at the dam site 


€FFECT OF STORAGE ON 
| MIAMI RIVER FLOOD OF 1913 
RESERVOIR ASSUMED FULL AT BEGINNING 
“Wiami Flood of 1913 at Taylorsville computed | 
Conklingville (Sacandaga Reservoir) 
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see 


in Cublo Feet perSecond 


March 24 March 25 March 26 March 27) 


Although it is | obvious, yet it n 


a great mitigating effect on the toads ol of the Hudson River even if the reser- 


19138, would have filled the reservoir by April 1, on which date the natural © 


q “voir were full-at the inception ‘of such floods. For example, the flood of March, | 


; flow of the Hudson River wa was 33 800 sec-ft., of which 11 300 sec-ft. dame from 


the Sacandaga River. The storage above “the spillway crest would all 


_teduced this 11 800 sec- ft. to le less than 1000 sec-ft -ft. » 80 th that the flood fi flow in 


: the Hudson River r of 33 800 sec- ec-ft. “would have been reduced to 23 500 sec-ft. Pe ts 


_- The writer wishes to take i issue Wi vith another generally accepted theory that * a 
storage: reservoir operation which assumes variable rates of discharge for each 
dry season, to the end that most of the available storage can be | need each é 
ee is | purely theoretical and cannot be carried out 3 in practice. Ih con- 


ue 


etically 
lay be pertinent to note parenth 
> 
— 
AY 
studies of the stream-flow data, 
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As: a ‘result of these | ‘studies, an n operation chart has aoe Prepared, an appli- 


"foreknowledge of stream te, whkt: the writer has called “practical 
regulation,” as opposed “ideal regulation,’ ’ which assumes foreknowledge 


HUDSON RIVER AT 


Flow Curves showing 
comparison between Practical 
‘ and Ideal Regulation of 
arn! ? \ Billion Cubic Feet in 
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The method ebtainitip thei chart (Fig. 12) was as follows: A mass curve 
- study was made to determine the “ideal regulation,” that is, the regulated — 
4 
flow that could have been maintained with foreknowledge of stream flow; next, a rie 
: from the resulting regulated flow mass curve rere with the capacity curve xs 
- of the reservoir the elevation of the reservoir 


these elevations were plotted the 


which has been called. the “operation chart,’ > was as then in con- 
— with the natural flow mass" curve, no foreknowledge of 


as shown : was obtained. "this chart is complete and there is in 
course of ‘preparation a more “elaborate chart for t the use of the engineer 
who will operate the | reservoir. | The chart in its present form, howev er, has oa va 
4 been tested with the stream- flow conditions existing since 1908, assuming no oy 
foreknowledge of stream flow. A duration flo flow curve (Fig. 13 computed from Bes 
such so-called “practical regulation’ , has been computed and plotted as has also 
a duration flow curve from _the so-called “ideal regulation.” As shown on boot 
13 the benefits from tl the “practical slightly less 
W. G. ‘Hovt,* Assoc: M. Am. Soo. E. (by letter) Stevens has dis- 
4 _ most thoroughly the many important problems that must be considered os 
in the development of storage of water for ; power r and irrigation, It may -. 
: ‘< interest to outline the Governmental activity which is being carried on in 
- the best interests of the West, the work of the United States Geological Survey ae 
with respect to water resources. v dows winix, 
é Ye. Recently, a report by a prominent Western engineer stated that within within 7 
_ twenty-five years there would be a demand for all the water and all the power Re) 
oe could be had and developed from the rivers of the Sierra Nevadas in — ag 4 
California. This statement applies not only to the State of California, with its 
_ phenomenal growth, but with equal force to practically all the United States ; 
west of the Mississippi, with perhaps the exception of a ‘narrow strip along 
the coast in Northern California, Oregon, and W ashington, ‘and other great 
= concentrations of water resources such as are found sy the Columbia atl 


because of an supply of water, it is haz zardous’ to the time 
|, If it is true, therefore, that the time is not far distant when Western water _ 
xe will be in full demand, it is necessary to make future development Ae mor: 


with a minimum of conflict between the various uses to which water and = 


the lands needed in connection with the utilization of water may put, 
Competent. agencies functioning singly or. im should be clothed 


Hydr. Branch, Geological Survey, Washington, D.C. 
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—. e use of water, so as to adapt it to a comprehensive scheme of improvement a le 1 a. 
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utilization, but to require such of any other 
may be necessary to prevent! ‘material interference with the best use of 


= in order to determine comprehensive plans of development ike 


the relative values of different uses. botioly » bora 
aid Outstanding examples of disastrous conflicting uses: are well ‘known. Tn dev 
On ilroads were co1 d, ade, alon man oe 
egon, ‘two railroads were constructed, at nearly water g gra e, along an impor ip 
tant power stream, where one at a higher grade could have been constructed at A OF 
only | a slightly greater cost an and would apparently take care of all present ae it ag 
probable future transportation requirements. “One of these railroads i is, there- 
ct fore, an added burden | on power development. I In Idaho, there is an irrigation — he 
of district which must always meet a heavy assessment for pumping water, because : er 
prior developments prevented the building of a dam high enough to make z or 
water available by direct diversion at a lower cost, Many other ins ances 


4 & The author has brought out the necessity for storage; but Ww hat is "yb le 


ples 


done if, prior to the date when storage becomes a necessity, a railroad | ora 
q National highway has been so 0 constructed across | the site that the cost of its ; 
relocation precludes the use of storage, possibilities, or if the lands 
~ passed to patent without reservation under the Federal Water Power Atte 
as al It is apparent, therefore, that, not only must development take place accord- = 
ory. ing to toa comprehensive plan, but » further, that before the time for full develop: — 
ment» is ripe projects o of lesser v value must not be cor constructed, ‘that will mate- .. 3 
interfere with such development. The whole problem should be studied 
from. the point of view of the highest use of natural resourees—a point of 
ha oe view that is already well recognized in the West in connection with the oe 
24, of water. oils ito e19vit. ha uoleveb bas bed od bles 
Certain steps are being taken to guarantee, in a ‘at least, that ‘the 
Resources’ of the National domain will be put to their highest use. On July 1, 
1924, a a total of 6 626 474 acres were embraced in withdrawals and classifica 
tions relating to water resources. A considerable part of this land is with-— : 
drawn from entry because it is covered by applications 1 for permit or lieense 
under the Federal Water Power Act. The remainder has been ‘investigated 
ys the U. S. Geological Survey and found to have value in connection with 
* *90 water r utilization. It is possible that some engineers i in their task of building — 
z! o,. the West, have been delayed and perhaps been put to a considerable expense 
annoyance because of these withdrawals. The ‘principle involved, ‘how 
ever, is s fundamentally right and the benefit that will eventually a accrue to the 
western country because of these withdrawals will far outweigh any past 


Tn and administering these withdrawals the ‘results of ‘about 5 000 


eer 


RE 
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he 


a gauging pore have been analyzed. . Field studies have been made over . 
= of 17 years, since the first withdrawal of land for lor power, which we 
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value land development of water power can not be estimated 
"properly on the basis of the present limits to development, , but must be deter- 

mined by considering the probable limitations of a - future. day, when by rea- 

con of increased demand and increased value of such power a project that is A 

impracticable because of high cost. will become thoroughly feasible. In i: 
classifying and administering public land with respect to the possibility of 
J ersioning » water power, it has been necessary to determine whether the land : 
oo not be more beneficially devoted to the use of water for domestic supply 

or irrigation than for power and whether its use for power would be seejudicial 
to the other uses at the particular site under consideration or at some — 


a 


7” It has also been’ necessary to estimate in many cases whether the land is 


: f more value for agriculture, or for a town site, or a manufacturing site than aa 
for a power sites Such considerations apply especially to lands that may be 
‘ae 3 uitable for storage reservoirs. Where civic, industrial, or rural improvements Pe oe 
have: already been made on a reservoir site they largely control the decision on 


this point; but the sites which lack such improvements are still numerous. — 7 
‘Therefore, the field of investigation has extended beyond the facts of the 
present dav, and a forecast of prospective events must be made. ¢\Iwoteo tem 


pk Those who have had to deal with these problems have not forgotten that bon 


par 


uf 


s 


os Human activities embrace many things besides the utilization of water—that 
: ak community which produces anything must, if its : products 2 are of value, have 
suitable: ‘means of transporting them to market. Consideration, therefore, 
r ome B has been given to the relative usefulness of a piece of land as a power site or pt 
eS t as a right of way for a railroad. The bottom of a canyon that i is suitable for — 
ed reservoir may also be an advantageous railroad or highway route. Although 
of an alternate. transportation route. us usually be located, the cost. of utilizing 
se ; = it may be so much greater as to outweigh the advantages that may accrue 
ae ‘from the development of power along the stream, . In determining such ques 
4 bs — it is necessary to. appraise ‘the relative past and comparative “i 


probable sen public. demand, ‘that. are easily. made. 


q With respect to the public domain, therefore, an attempt is being made to guide 

future: development according to what are believed to be far-s -seeing -compre- 

he hensive plans. However, because of constitutional restrictions many se 

bs are still disposing of their remaining water resources. on the policy, embodied in Bae 

the proverb, “the early bird catches the. wo worm.” | This was s undoubtedly the best oe 

‘policy during the:first stages of development, but, viewed in the light of present-— 
day conditions, it seems erroneous and should be corrected. 
In this diseussion there i is no intention to imply that present golicies have 


acted to dissipate materially National water resources, but rather to draw 


tay 


attention to the fact that the problems of the future utilization of these 


a resources will demand, not only a careful and complete study of the drainage / 


ie basins, but also ‘tha development of a sound economic 


ination 
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Hensuaw,* M. AM. Soo. C. E. (by letter) .—The author: has 


ag 


cussed the power and irrigation demands and their relation to. regulation by 
storage for the normal streams of the arid and semi-arid West. He has given 
as examples six fairly typical streams having a concentrated fall in their heads ‘n 


water portions: that is utilized for power development and having imignble 
& valley land at a low level, with storage capacity above the power plants and,on 


al some of the streams, below ‘the tail-race of the power plant and above the pointy ‘fro 

: 7a of diversion for irrigation. A typical stream already developed in this manne a ‘un 

: 7 is the Tuolumne River, rising in the Sierra Nevada and debouching into nto te Fal 
San J Joaquin Valley, California. arrangement is normall lly fo found the 

radically different condition prevails in the Pacific Northwest, where ne 

aa in times ‘the great Columbia River lava flow inundated Tike: a flood 

Range dates an even more recent epoch, and 

drainage have oceurred during what may be considered a geologic yesterday. 

3 RP Another series of lavas, the andesites that form the summit of the Caseade — 2 th 
mie - Range, i is one of the newest and most ‘Pervious of all geologic formations te _— (A 
[_ my extent within the United States. As a result of this recent extensive — ba 
volcanic activity there is in parts a the plateau area west of 
Mountains a topography of ex extreme youth i in which the he surface is is comparatively on 
little distorted. The major streams have cut steep, narrow canyons in the at 
nc 


- borders of the plateau, but their head- waters flow near its surface. The later 
vn 
volcanic formations ¢ give rise to immense springs—some of the ‘greatest in ‘the 


United States if not in the world. 5 Yew fo 


rr 


at tb ‘he typical stream of the lava area is the Deschutes River in Central 
%s "sy Oregon, as uatnitiatiod by the author, but the Snake River in Southern Idaho, 


= 93 


In the basins of all these streams ‘most of the irrigable = 
Mists lie ata relatively high level, on the surface of the plateau. Water must 
<4 be diverted in the upper portions | of the streams before it has reached the e 


= 


-- 
= 2 


— deeper canyons. The power sites are below rather than above the sites 3 for 
‘4 irrigation diversion. The water available for ‘developing power on most of the re} 
: a streams is ; augmented by y inflow from s springs at points below all possible | sites o 
ia of diversion for irrigation. of 
: ‘The natural flow of the streams in their head-water sections is, in general, By 
‘shown by Fig. Ww ith no ‘storage 1 regulation, or with partial storage, 
the flow below the e point of irrigation diversion is little affected by the diver- 


* 


sion from: October but is Tedue ed uring the summer. 


is eq flow between the reservoir + and the point of arenes of course is augmented, Be 
= but the only effect on the power is to reduce it uniformly during the non- 


The > Snake River may be taken as an. example. This | great stream is fod 


by immense springs as well as by tributaries that have the usual characteristics 


* Dist. Engr., U. 8. Geological Survey, Portland, Ore. 


— 
al 
q 
— 
4: 
= 

— 

— 

<2 

— 

— 

— 

— 

| 

z= 

— 

on ag 4 ye 3 

— 


HENSHAW ON STREAM REGULATION: IRRIGATION 979° 


of streams rising in high mountains. Its low-water flow from Idaho, 
to the mouth probably ranged from 20000 to 30000 sec-ft. before extensive 
_imigation was begun i in Southern Idaho. . The Tiver discharges a fairly steady a 
Yolume from about August 1 until sometime in the winter. Irrigation develop- 
ment has progressed | until below Milner Dam, the lowest point of diversion 
from ‘the main river to the plateau lands, the river is ) practically ‘dry eac 
Not far from ‘Milner the river plunges over ‘Twin and Shoshone 
Tals and enters the series of « canyons s through which it flows to its junction with ‘ ge 
Columbia at Pasco, Wash. Springs discharge large volumes of of water into 
‘the river in this canyon section , and as a result the flow at the mouth has 
‘never been less than 10000 sec- “ft, in years. This quantity is, 
therefore, available for continuous po ower generation. 
pi ‘Storage development has been started Jackson Lake and Arrowrock Reser- x 
= 
oir augment materially, the water supply f for ‘irrigation in in the Upper ‘Snake 
and Boise Valleys, respectively, but do not appreciably reduce the flow. through 
the lower canyons of the § Snake River. The American Falls Reservoir, now 


(August, 1925) “under construction, together” with | ‘other proposed storage 
a basins, w will noticeably diminish the winter and flood discharges below the i ‘irri- - 
4 gated areas. The final result will be to ‘produce during late summer r and early Ss 
forge a fairly 1 amas flow of large proportions, say, 10 000 to 12 000 sec-ft., 


notably in, in the canyons between Huntington, , Ore., and Lewiston. 


Z lowest stages will continue no doubt to occur near the end of the irrigation 


geason. shortage of power during this time and the peak: load produced 
by the requirements of irrigation - pumping can be met in a measure by 1 power 


a generated from water released from storage reservoirs, and diverted at lower ge 
vels from irrigation. ‘The utilization of such double sources of ‘power may 
be deferred many years; it will probably await the construction of @ super- 

4 power network of f considerable capacity, but it presents important possibilities. — 

pdt The Klamath River is almost unique in the lack of relief in the upper ee 

part of its basin and the contrasting extreme ruggedness of the lower part. 

The off characteristics harmonize with the topography, being ‘uniform 

above Klamath Falls and flashy for the section below the gap in the Cascade ~ 
_ The land available for irrigation in this particular basin is consid-_ 

ry erably less than the available water will supply, and the irrigation demand 


eo ultimately consume somewhat less than one-half the average annual — 


run-off. _ Upper Klamath Lake, ‘with an area at low stages of : about 60000 


. acres, presents a storage basin of large capacity. It has been developed ie 

Provide a a controlled range. of stage of 7.8 ft. storing somewhat more than 

000 This range is limited by the cost of protecting by levees the 

, valley lands bordering the lake. al Ordinarily, it will be possible to maintain 

: a fairly steady flow of 800 to 1000 sec-ft. for power development, in addi- 

tion to supplying: all reasonable irrigation requirements. Severe shortages 

occasionally occur during dry summers, but these « can be provided for by 
developing the power available from water released from storage in the head- = 
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srry D1pBLE,* M, Am Soe. C. E.—The importance of taking 0 


1 
le water. been ‘mentioned by both Mr. ‘Stevens and Mi. 
Hoyt, but. the time comes when they are absolutely ‘ “extinguished”, that i is, a 


OS 1 
far as future development i is concerned. In a : great many ; places, particularly in 


ceeded. "Bower dey ‘elopment i in California had. $0 much that, in 
the statistics of that State ‘with those ot ‘the nite States 
the compounded annual increase in power in California 
10. 5%, in the United States asa whole it is 11.3 per cent. During the 10- year 
period California had a large i increase in ‘population, | so that the per capita use 
ae _ increased at the compound rate of only 6. 6% per year as against | 11. 2% in ‘the 2 
whole United States. The power consumption of Southern California dropped 


‘even lower with a a per capita increase of “per cent. ‘This decline in the 


a keeping up with the demand by constructing hydro-electric developments of 


Throughout the world the ‘consumption of electricity held’ back bette if 


> “4 development follows the demand rather than precedes it. Power companies 
generally have not had ‘to search’ for customers. They have operated 
“seller's market”. There is no’ good basis for determining to what extent 
i lectricity -would be used in a community if its sale were energetically and 
consistently pushed in all lines: of application. There: i is no indication ‘that 


saturation point i is being approached. mont boon for h 


rs 


the territory of the’ Minidoka Irrigation Project, in Idaho (120000 


& acres and 17.000 population), t the per capita consumption of power amounts to 


2 2800 kw- hr. annually, or four | times the average in the United States. It has 


how stopped ‘increasing Decanse temporarily it has reached: the limit of the 
power supply. gent netiteattacs of} ban att 


Compilations of estimates show that power company managements antici- 


pate that the electrical business will continue to compound at the rate of of Ng - ‘ 
which means that it doubles in less. than: ‘years. ont a 

at Woolley’ discussion shows that there is often not a deal of differ- 


Tr 
peti pi of im - electric power ‘and its 


th « The fault with Mr, Woolley’s statement is that he has left the time factor.out — 
of consideration. Mr. Hoyt carefully included that factor. Already there are 


>? a number of instances—one at American Falls in Idaho and numerous ‘others— 


where: the economics of the situation have demanded the extinguishment of 
power rights in favor of irrigation. Apparently, the 1 present plan of classi- 


fication i is to look to the future and prevent installations which may be 


=n 4 economic at the moment, but which, i in the reasonably near future, may hare. 


ra tate extinguished to permit of better use of the natural possibilities The | 


Cons. Engr. Redlands, Calif. 
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Power is of considerable value in meeting summer 
in permitting the cutting down of expenditures for fuel. After all, 
is no great Giffarence of between engineers on these questions. ot 


Rar R. Wootrey, Ese. *_Those who are in reclamation ‘and 
tgriculture do not hesitate remark that agriculture is the basic industry; 

those interested in mining feel that mining is the basi¢ industry; and the r ~% 
stock growers are sure that theirs is a basic industry. In each case statistics 3! 
are not wanting to support the claims of these various adv ocates. 103 pablo “aie 


al is no question but that agriculture, 
West were built: of these communities are re still dépendent o: on this & 
factor for ‘their existence, while others boast of additional forms of — 

as mining, manufacturing, etc. Communities ‘supported by i irrigated lands 

: ‘are no doubt more stable than those subject to the ups and downs of prosperity a 

‘not uncommon to other industries, and, for this basic reason, public opinion 


the West has defined certain preferential rights to the use of peony. placing — - 


irrigation superior to all other uses except domestic. = ts oa 


To those who have given some study. to the question of the greatest ee 
utilization of Western streams, this fact raises a serious question; namely, =: 
whether or not it is advisable always to sacrifice the use of a stream for power a ae 


in favor of irrigation ‘regardless | of the relative economic values of the two Se 


fl 
¥ 


‘g _ Agriculture in the arid West is based on irrigation. _ Generally — 
a its future growth i is / commonly. expressed i in terms of the total run- -off of the e i 
streams a and undeveloped acres without regard to the economic factor i in the 


problem. recent investigations of the United States Reclamation p Projects 


4 ‘disclosed the fact that “the reclamation problem _ is to- day essentially 2. 


and economic problem”. Dr. John A. Widtsoe, one of the mem- 
of this Fact- Finding Commission, 1 makes the following statement: t Te 
is a complex art, involving the application of the best 
of agriculture, especially the relationships among soils, crops, and water; of —s_—w 
4 ‘engineering, especially of hydraulics; of rural economics and sociology ; and F 
a of the life and response of human beings under the unique conditions always _ 
prevailing under the irrigation ditch, 
_ “Tt is not surprising that so complex an art, at this time, when thorough- a 
changes are reshaping economic and social structures, should present 
many and serious problems. Such problems pertaining to the development of — sae 
-— itrigation in the West do exist, and must be solved, if the great American — as 
experiment in irrigation shall become permanently successful. Yet these — ah 
essential to irrigation development, may be classified very. simply 
To establish on “every” irrigation project an n acceptable « economic 
a ‘ “2. To extend gradually, a as economic needs demand, the irrigated area by ae 
= completing existing projects and by pocieayne new areas, until the water — 


q resources of the West shall be fully-utilized.” > 


BES *Hydr. Engr., Water Resources Branch, U. ‘S. — Survey, Salt Lake City, Utah. 
‘ts See Dp. 682-688. i 
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STREAM REGULATION : AND POWER 


n ae 5 a ‘manently successful only when it is practiced on a sound economic basis, and man i 
SS ‘it should be extended “gradually, as economic needs demand”. This i is the one ‘Then 


a a that seems to be entirely overlooked by the irrigationist | in his enthusiasm i Any 
_ to develop irrigation, the result being that other uses of streams, such as for ‘keep 


power, are made subject: for all time, to any and all future demands for irriga- 


t 
tion developments, regardless of their economic. feasibility or the relative made 
Each is an individual problem, and should be considered as in 

working out its complete utilization. _ Those communities that are solely 


“ 

ery 

dependent on irrigation, will only grow to the ‘capacity. of their available th 
irrigable | acres, and available water supply; and i in many of the communities 


: 7 along the small streams throughout the arid West the limit of such growth devel 


already has been reached under: present ‘irrigation. ‘Practice. If any further 
th growth of these towns is to take place, it must either be the result of other i in- pa g 
dustries coming in as, for example, manufactaring and mining, oF the limited ik 

possibility of i increasing the returns from. irrigation by improving g methods | of 
it not possible, therefore, to « conceive the ‘following conditions in ‘te 

7 _ growth of many Western communities that have begun with a small nucleus of a my 
irrigated land. As the community grew in n population it extended its irrigat ed fe ; dy 
“area, end sotititiued for’ many years to supply all the demands of its inhabitants 

for a livelihood ; finally, the limit of economical irrigation growth was reached a of i 

= because the railroad or other transportation agencies brought in supplies and indi 

foodstuffs more cheaply than the citizens could produce them. The community — 

was! fortunate enough to have a good geographical location for EPS eo ; pos 

: industries, raw materials were close at hand, and vast ‘mineral resources were 
iscovered; the community ‘began to grow industrially, and far beyond 

"| overe e community egan gr u ally, an beyond any 

"iad could possibly have been expected from its irrigation resources. pol 


t 
-electrie power was easily "develope ped, a and, accordingly, industries ‘of 
all kinds were encouraged. Is it not cok rotysile now that the curve of growth te 


jes Eom of this | community | based on | irrigation is | at some point crossed | by the ‘curve sof a 
a co ‘growth based on industry, and that henceforth, from this point, t, the com- a 


munity is not primarily an irrigation or agricultural community, but Can & spi 

¢ 
= = one? In all this development 1 power is the one important factor; an 
+ accordingly i is it not the w ater power resources that will ‘play: the 2 largest part A 


future industry and agriculture ji in the arid ‘West? Avo 
does power developmert affect agriculture? Without going into the 
details of the different combinations of co-ordination of irrigation and | power 


uses of streams and the possible conflicts in use, it is interesting to note the fol- 


lowing statements 1 which no doubt are based on considerable study of the 


The Committee of ‘Special Advisers on Reclamation ‘fo the Secretary of 
Interior concluded regarding po power that: uly 
ot __ * Federal Reclamation | by Irrigation (F Presidential Message), Senate Doc. No. 92, Con ee 


more 
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California Railroad Commission has stated* that: 


May halt in State’s hydro-electric development will spell disaster. It 

the Commission’s firm belief that financially sound utilities, 

a economically and efficiently, will successfully carry the burden of California’s _ 
q development. It is obvious, that industrial and agricultural California cannot 7 


_ reach the peak of development unless there stride, a step in aramurdbarr seed 
carrying service possibilities ‘ready ondemand’”, 


striking: data have been published,+ showing the ‘relation between kilowatt 
_ generated and community development : “Each kilowatt of power developed 
makes possible the building of one home, the irrigation of 4° acres, ‘employ 
_ ment of one person in an industry and means $6 000 to the community.” 2 are pr 
conclusion, it is the speaker’s opinion that water power really has an 
important place in the utilization of Western streams. It may be a by- product — 
irrigation, co-ordinate with it or even ‘superior to ‘it. Each project is an 


qa Similar views are continually being expressed i in the technical press. a = 


individual problem and should be solved according to the economie factors — 
involved. —Itisa mistake to impose such restrictions on power projects saswill 
- postpone indefinitely or possibly preclude their development | without a proper 
4 analysis of the whole problem. — It would indeed be a ‘short- sighted policy on z 4 
the part of the person seeking to develop power if he did not foster all possible ; 
development of the community through irrigation ; likewise, it is a short-sighted © 
1 policy on | the part of the person seeking to a irrigation to —— sa 
obstacle possible i in the way of power. 
P. Davis,t Am. Soc. C. E—Mr. Sargent has 


mentioned a plan proposed by Mr. Freeman, in which an automatic outlet or 
spillway was provided below the top of the reservoir in order that a certain Bene ae 
; amount of that storage would be reserved for flood control at all times. Every a a. 
project must be stated in accordance with its own characteristics. A spillway a i 


that will discharge an amount that is not objectionable 4 as a flood below the 
dam, and yet | will discharge the water so fast that the storage back k of it can — poe 
3 be utilized for regulation of the next flood, is, in principle, exactly vy what Mr. sae , “ 
4 Freeman proposed. Evidently, the capacity of his spillway in both cases — 
differs with the head, so o that he i is not proposing a new principle in either case, a 
but simply to dispose of ‘the flood at a height at which it can be safely dis- 1 
: charged. That differs greatly with the characteristics of each different — oe 4 
t Journal of Electricity, January 1, 1921. 
Chf. Engr., East Bay Municipal 


DAVIS ON STREAM REGULATION: IRRIGATION ANDPOWER 983 
» § © “The place of power in modern agriculture has been well established. The —— 
2 glectric current has become the servant of the farmer, by the aid of. which one 
d i man is enabled to do several times the work that the farmer of old could do, are, — 
me ; The need for power on an irrigated farm is as legitimate as the need for water. ge (i 
m | Any future policy relative to the development of Federal reclamation should ae 
keep the power problem in mind, The water users, when they take over 
project, should be allowed to operate the whole project as a unit, including 
a- nower Diants that may be constructed: and, further, no reservations should be pe 
ye 
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‘problem. It. differs greatly with the manner of flood | stream 
‘ in its natural state. It differs also with the requirements of flood control j in OMe 


7978 hoor Mit star nities on af fish tre © it of 
Swaren,* M. Am. Soo. C. E. (by letter).—Commendation is inves 

influ 


the author for bringing | before the Society in concrete form: one of the all 
problems in hydraulic engineering. It involves the | economics, of agric 


and industry and of finance from the point of view of the investor "and the 


_ promoter; as well as the purely technical problems of design to meet operating — ; ‘tone 
conditions with numerous and changeable variants. — 
a = The enthusiastic irrigationist proclaims that all water falling on a water- ce the. 
Shed” draining through, or contiguous" to, a a sufficient acreage, should be con- wide 


_ 4 served by storage and utilized on the Madd’ leaving only dry stream beds at 49 pro 
the entrance to the sea. At the most he would concede only canalized streams | imp 


to water transportation. operating power ‘official, on the other hand, 
7 eae fit the stream flow to his daily and seasonal load curve, with irrigation — _ up 
navigation § surviving as they may, j 
etd An engineering undertaking comprises three phases, named in the order | fun 
~cutqant (a) The accumulation of pertinent data, which is crystallized into iss 
_ decision or plan of action; ui sua to 


(b) The, formulation of designs; and elt ai thes gy 


ie . It is not often that the practicing engineer is equally familiar re the i 

ig” three major | interests of power, irrigation, and transportation, s¢ so that he can, 

7 7 or does, take an entirely disinterested view. More often such a point of view y 
an a bears the imprint of a regulatory body, and on this body rests the economie — 


a, -= / decision. as to the maximum beneficial use. These bodies have no, or at the 


> ta 
ss most, @ meager, staff for the ‘collection of data. The sole ‘reliance for this 


aoe important phase must rest entirely on the applicant. — “0 Only one who has had 5 
experience in the review of such submissions of data can appreciate the 
variance of the material offered. . In spite of carefully, drawn regulations, 

specifying the points to be covered so as to conserve the time of both applicant 
and | examining officer, such ‘submissions vary from a mass of heterogeneous 


Grrelevance to avowed briefs of special pleading. It is through these that the 
examining officer “wade in an endeavor to formulate a sound conclusion I 
the r respective phases of interest. ad bloow vas tae 
‘Regulatory bodies are political (not partisan), and as such 
the political point of view, even if they are headed in many cases by - engineers, 3 | 
a As a result, the digestion and assimilation of these masses of data must be 
_ done by subordinates who formulate technical decisions for consideration by 


politically minded superiors. These, in turn, look to three parties’ in interest: 


The consuming public—irriga ator, power customer, or shipper; 
The investing public—security holders and taxpayers; and | 
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ON STREAM REGULATION : AND POWER” 


‘State appointed bodies approached the problem almost 


have been given first consideration but where its decisions have departed from 
immediate Government interest, its attention has been directed to the 


a wider economic phases « of the project under consideration... This is entirely > 
proper, as rates are a local 1 matter but economic 1 utilization is of ‘National — 


_,, The popular conception of the financial = an is that the man who Puts 


up th up the money is well able to take care of himself. — ‘This is true in ‘the. first 


instanee, as the | securities of large. sale which 


the distribution of a roup of securities extends, 


examine ‘the mailing list of a dividend, ‘or ver ification ‘sheet of 


__ Needless to say the vendors of securities are not slow to point out, that 


even tacit approval by a commission gives added strength to. the ‘offering. 
5 too frequently this is accepted by the final investor as tantamount to 


a guaranty, particularly when such approval is by a Fede ral body ; and the 
vitalness of this matter to engineers is doubly apparent from ‘the fact tha 
is possible for a security issue to be prepared 80 that it will pass the accounting — 
analysis of any “blue sky” commission in in ‘the United ‘States,. when at the 
“game time | a . brief analysis of its engineering economics ‘will forecast. certain | 


failure. Many : such instances have come before the writer, and he ‘pres ft 
other engineers have had similar ‘experiences. i the. “conduct 
Thus far, ‘securities: of hydro- electric companies have a | good record. J ohn 
Field, ‘Soc. E., does not present a happy case for irrigation 
projects.* Such débacles as he instances are > prev entable, _ Their lasting effects 


are shown i in ‘the difficult ty of privately. financing « even an exceptionally meri- 

j », Any study of as specific stream to determine methods of control for power 
or irrigation is not complete without a study of. the economic phases. Iti is 
hot safe to assume that any one phase i 18 paramount; only competent analysis iy : 
‘determine the particular ‘Phase. Usually ¢ the ultimate decision will rest 
with ‘members of some extraneous regulatory. body, whose judgment should be 
free from purely local influence, having in mind not ¢ only the e needs of the com- a ue 


munity, but also the National ,welfare. 3 A stream . study. that merely provides Ls. 
Si for the design of structures to harmonize an imposed group of — hie 


— 
rates, Where consideration has been given to earnings as affecting the 4 
me J} investing public, the possible absorption of wreckage from failure, as a rate a 
study of decisions handed down by the Federal Power Commission 
the that it takes a much broader view of the problem. It has rarely 
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restrictions is not complete. It must also provide the data from which may 
be evolved a plan that will result in the maximum economic benefit. Jv 


B. Laxpreta,* M. Am. Soc. ©. E. (by letter)—The writer has 
been much interested in “Mr. ‘Stevens’ statement in | regard to forestation as 


a means of water - storage and stream regulation. Study of the flow of Kasil, . 
a: streams leads him to agree a forestation has little if any economic value 2 


discussing the paper, Mr. Sargent studies made forming 3 


n operating chart for the proposed Sacandaga Reservoir. © This calls to mind 
operating diagram ‘made by the late. a. Edward. Gibson and the writer in 


1919, for an existing reservoir at Hinckley, of the water supply A 
ae t for the Rome Summit level of the New York State Barge Canal is secured by 


the use of the Hinckley Reservoir on West Canada Creek. This reservoir has 


a a crest capacity of 77.000 acre-ft. and a usable capacity of 3.85 in. on its water- : 
= shed. i? has ‘been in use since January, 1915, and furnishes water for the 


‘Barge Canal during May to Nov ember, fou 
 . _ Several 1 water powers are situated on West Canada Creek both above and 


a below the p point ‘of diversion of the canal ‘supply . Any p lan of ‘regi 
that would distribute water not needed for the Barge Canal oll tend to 
Teduce the damage that might result from the diversion: of water. lt was 
4 ‘realized that the plan adopted should be a practical ‘one and rely as little 
as possible on individual judgment or guesswork. | Gaugings had been made 


of the flow of the creek at yarious points since 1907 and were continuous 


Th 
parts study of the surface elevations of the water in 1 the reservoir showed 


‘thes during 1915, 1916, 1917, ‘and 1918, the general plan of operation was: 


Dewy 


keep the reservoir full or nearly so during the canal months and then draw 
the water down, ready for the next ; spring flood, which resulted in inefficient 
operation. The “reservoir is not large enough for a complete regulation of 
a SS stream. ‘The most beneficial use to which it can be put is to smooth 
out the flood peaks | and to increase the low-water flow. re 


As the records of stream gaugings were very comiplote after January, 


44 


of treats flow from m 1907 to 1914, w re used in in n the 


beginning, ‘say, , on the ist, 11th, and 21st, of! month. “By such a division 
the time the necessary equalizing storage would be reduced to a small 


and, in fact, could be The ra te of inflow on correspont: 


‘at that 
time. ‘actual use the quantity of the draft i is determined an 
es ating diagram based on the quantities referred to. - The net inflow, the draft, 


the in terms of the “equivalent depth, in 
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on i water- uisain'e mass curve was constructed u using the mean net inflow 
for each “one- third-of- -a- -month” period for the years 1907 to 1914, inclusive. 
‘uniform drafts ‘possible, with varying 


From this mass curve the m maximum 
amounts of storage from an empty to a full reservoir, were determined -_ 


the, date beginning each “one-third- of-a- -month” period. F rom the data for 
each date ‘the drafts for various amounts of storage were determined ak 
ie plotting those drafts for the various amounts of storage for each “one- 
“third of a-month” period. in chronological order, an diagram was 
‘obtained. This diagram showed varying allowable draft for varying 
7 


amounts: of storage the year. 


Jower 8.5 ft. of the -Teservoir. test, first operating» 
to. the 4-year period, 1915 to 1918, inclusive, as ‘those. years had not 


3 entered into the formation of the diagram. — As. the reservoir was in | use bp 
during” those the flow below the reservoir was ‘corrected. for the in- 


- fluence of the ‘Storage, 80 as to ‘show the ii inflow into the ‘reservoir. The oper- = 
ating diagram was then applied to the entire 12- -year period, 1907 to 1918, 

“inclusive, and such corrections made i in it as | seemed warranted and advisable. — 

During 1919, the diagram was i in use and the » results of | its. operation 
were carefully noted. A final operating diagram was drafted in December, 
1919, based on ‘the operating ‘diagram in use. This final ‘diagram been 

in use since January, 1920, and differs only from the first one by” a slight : 

increase in the amount of draft and a decrease in the reserve storage. The aa 

diagram in use calls | for a nearly empty reservoir on April 1, in order to 
obtain the full effect of it during the spring floods that generally come in aa 

April or May, and a full ‘Teservoir about June satire 
‘Use is made of the operating diagram as ‘fellows: At the beginning» 

any “one-third-of-a-month” period the gate operator would obtain the surface- 

water elevation of the e reservoir f from a a gauge. In the operating ‘diagram | at 

‘the intersection of the date line and the horizontal 


4 


surface ‘elevation i in the 1 reservoir ‘and a study of the operating 
the “ one-third- of-a-month” period would show whether the draft was too — ee 
Ei great or too small a nd it could be corrected at the beginning of the n ~~ 
period. For several years the regulation of the draft from the reservoir as 
the operating diagram has been under the control of the State Engineer est 
ls In Tables 1, 2, and 3 are given the mean 1 monthly. drafts from the —— 
J Reservoir since January, 1915, except that’ for 1919 when the record was oa 
Neds broken, and the yearly ‘painfall at or near it. These records are ~~ 
Tom the Annual Reports of the New York State Engineer. 2 
1917 the total run- -off on the water-shed was 31 .68 in. in 1993, it was 


in. In 1923, w when the diagram w was ‘used, the ead was as much more 
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LE 1.—MONTHLY “Mean Drarr FROM HINCKLEY, N. RESERVOIR 


-Wnen It ‘Was Nor OPERATED BY THE AID OF A ae 


a 


February. 


‘ 


1525 


965 1983) 
460 | 1693 

957 

4 

4 TABLE 2.—MonTHLY MEAN ‘Drart FROM HINcKLEY, N. RESERVOW 


It WAs OPERATED BY THE AID OF A DIAGRAM. 


Dece 


October, 


TABLE 3.—YEARLY RAINFALL, IN INCHES, FROM AT On 


Wd The use of an operating diagram in determining the draft from the 


; reservoir has shown that such regulation is a very practical question and 
ean be reasonable limits by a. of the ‘gaugings 
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eae a good measure of what it will do, its value depending on the length of the 4 
Regulation for canal supply from May 1 to December 1 in each year 


‘(GALLOW AY, on STREAM REGU Ly ATION > 


D. GaLLoway M.. Am. Soc. C.E, (by | letter).—The author has clearly 


forth the relations between stream and power, but atten: 
tion should be ealled to some points in the paper that need explanation, 


of presented different streams. and localities that £ 


os irrigation is strictly a local one and cannot be treated in general terms. _ 

’ Definite water supplies, definite storage opportunities, definite lands to be 
“irrigated, and. known power demands are 

The writer’ is in complete agreement with the conclusion, and for tie 
‘Teason believes that the data set forth in the diagrams are misleading eilent - 
properly interpreted. In all instances the elements considered are quantita- — 
- tive, and the percentage method does not serve to express the relation between -_ #% A 


the three. It is not correct to superimpose on the percentage curve of water — 


_ supply the additional irrigation and power demand curves, if a true relation- 
i4 is to be shown. The relationship between the actual quantity of w water 7 
in a'stream and the irrigation and power power demand is lost in such a | case, and» 
“the diagrams are, to this extent, incorrect. For instance, the supply of water 


a 


em reason, it is believed that the author | would have onl the subject claret 
if his diagrams had expressed the and not merely 


studied by itself in order to obtain a true view of the entire situation. — This 

more in detail in Fig. 14 which is reproduced from the v writer’ 
‘paper on -“Hydro-Electric Developments on the Pacific Coast”, and also 
from his discussion} of the paper by William Kelly, M. Am. Soe. C. E., entitled — 
Ordination of Irrigation and Power”. The diagram is made up 
curves similar to those given by the author, except that a hydrograph of the 
stream is drawn and typical irrigation and power demand curves are super 


imposed thereon. The author placed considerable stress ‘on the apparent 


 alliet between irrigation and power in the use of the waters of a stream. 

is believed that in practically all cases uch of this apparent conflict 
or can be reconciled by the construction of reservoirs jn appropriate 
iE ge From Fig. 14, it ‘will be noted that stored water, made necessary by low Dy 
stream flow during the months, June to November, is released for two 
~~ - poses, , which | appear i in three parts of the diagram. At one time the irrigation 
an? demand exceeds the ‘demand of power for stored water, but in September, 
October, and November, and frequently well into December, stored water 
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on oN M REGULATION : 
must be released for power in excess of that demanded en 
any ordinary stream where the irrigated lands lie below the power devel 
ments,» water released from storage for power purposes is” available for: 
use of irrigation, and, to this extent, irrigation benefits by the storage a. 
water for power. The diagram indicates that i in May, J une, ‘July, and August — 
a) the irrigation demand for stored water exceeds that for power, and to. that 
‘a! — extent (indicated by the area in the upper part of the diagram) stored water - 
=” for irrigation 1 must be supplied independent of the power storage. The corre- s 
lation between the two, however, is indicated by that section of the diagram — 
a. beneath the power demand curve, which water, released for power, is avail: 
able for irrigation. © To this extent, power and irrigation work togethe er, and, Ki 
ia instead of being in conflict, the two are mutually. helpful. In Fig. 14 if 


here’ were no power development on the stream, irrigation would have to 


wy a provide for all the stored water indicated by the area between the hydrograph 
~_ the stream and the irrigation demand curve. When, however, power : 


reservoirs” are installed, the burden of providing storage for irrigation is 


| 


Bhi “ ite _ However, in addition to the correlation and harmony between the two, 
is a further aid to irrigation ‘not often appreciated. On a properly 


at the end of the irrigating season would be empty. Owing to the 


ii ~) SS wide variation in stream flow from year to year, it might happen that, with 

a = irrigation ‘reservoirs: empty at the end of the season, the n next winter's run-off 
would be so low that ‘the reservoirs would not be filled. "Ordinarily, however, 

. oa where t the irrigation reservoir. is down stream from the power plants, the 


Bsa released from. the ‘power reservoirs. during September, October, and 
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EA 
the irrigation reservoirs for the next year’s use. In 
er two years or more, and the possibility of a shortage of wate 
— regulated over two years or more, and the po 


ALLOWAY (ON STREAM REGULATION 


_ gscon the Deschutes River in Oregon an and in the Green River Valley in Wyom- 
ing, where all the irrigated lands lie above the best power developments. With ~ 
the Deschutes River, however, although the largest part of the drainage —— 
is tributary ‘to the irrigable lands, the major portion of the stream ide 


guy 


“writer to be the incorrect constantly, the 
of the waters of the stream for power and for irrigation are necessarily in fr 
conflict. "The general case is that of | the stream which has its source in the — = 
mountains, where power development is possible, and after delivering up its 
energy flows out on to a plain where the irrigable lands lie. With a proper 
arrangement of _reservoirs—some in the high mountains for power and some 
the foothills for irrigation—the e regulation of the stream ‘can 
y plished i in the ‘manner indicated and i in such a way that the two are mutually 
The ‘greater profits, from power -developm ment w will stand the higher 
cost of reservoirs in the ‘mountains, “and the cheaper reservoir sites: in a 
foothills are available for irrigation. The effect is to reduce the ‘size and ‘cost Fi. . 
of the irrigation reservoirs, which i is practically the situation on on all the _ BS 
fornia rivers, where irrigation is practiced mest 
; The author indicates in another w: way what seems to be : a conflict eins “— 
power and irrigation. refers to the fact that only a small percentage 
of power developed on a | stream is used ed for irrigation pumping, and the : 
remainder (about 95%) is used otherwise. _ It would seem that this does not 
—— explain the situation. In any country " where the people depend on . 
irrigation there is a seasonal demand for power which is made up not only of J 
the power used for pumping, but also of that used in all the related industries = 
that go v with irrigation. One of the best examples is found in the City of Fresno, 2 
Calif, and the surrounding region. The area is largely dependent on irrigation — 2 
from several rivers coming down from the Sierra Nevada. The business of oe 
the city is to supply the wants of an agricultural community. Large packing Bic ss as 
plants are operated by power during the harvest season. The entire life of e 
the community centers around agriculture a and produces for the San Joaquin > 5 
= and Power Corporation System a summer demand greater in pe percentage ag 


than any the aysteme. In. the writer’s pepes: referred: to 


= 


the Fig. 2 The: ‘Joly. end. ‘August demand of the San Joaquin 
_ and Power Corporation exceeds —_ average demand by about 27 ‘per 


“almost all caused by irrigation. Power i is as ‘necessary | ‘in such a 
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"STEVENS ON STREAM REGULATION: IRRIGATION AND POWER 
‘The writer has dwelt at length on this phase | of f the: relation between | power 
and irrigation because it is believed that statements such as those made . 8 


are taken into account. Owing 


the same type of that to which the 
gar ding the relation between forests and stream run-off off. . Iti is apparent that De 


SS for irrigation. is superior in its use to that for power. . However, it i is : 
2 seldom the two cannot, be correlated to mutual advantage, and, if the total 


a aot - life of the community be taken into account, power is as necessary as irrigation i 
water. It is believed to be incorrect to over-emphasize the apparent conflict : 


7 between the two, and for this reason the writer has developed | the same e ideas 
which he has expressed in several discussions on. the subject. 


- With the author's statement regarding the relation of forests and stream te 
a4 flow, the writer is in complete agreement. - For years the public. has b been fed at 
on incorrect statements of the kind he cites, Engineers cannot too oe 
emphasize the real relationship that between the two. 
-—— Altho ough some criticism has been made of p parts of the author’s 
3 writer desires to express his appreciation of the clear manner in which the 
STEVENS * M. M. Am. Soo. C C. E. (by letter). .—The writer i is gratified, 
the discussion his paper has brought forth: 
Sargent has presented very valuable data on the: practical regulation 
eh ‘reservoirs for flood control and water power ower without forecasts of probable 
- supplies. Doubtless, the same principles can be utilized in many cases a 


practical regulation for power and irrigation. The storage capacity 


= 


~ spillway level probably can be counted upon and the spillway capacity reduced — 
 falnaalmatagd in large reservoirs for which complete records of run-off are avail: 
a 3m able. On small reservoirs, however, where stream-flow records ino ell 

“sketchy”, it would be safer not to count on it. 

The writer: wishes every engineer who has’to do. with the development of 
natural resources could read Mr. Hoyt’s” discussion. It is a clear, concise 
vy 4 statement of the policy that must govern the practical administration of public 

land and water resources. As Mr. Woolley points out, conditions may arise 

that make power development paramount’ to irrigation. Every water-shed 
gy must be studied in the light of the most economic ‘use of its water supply. 4 

“3 Ka 4 Behind the conclusions drawn from such an analysis there must exist unpreju: 
- _ diced authority to enforce them in the interest of all concerned, and, obviously, . 
this function is best exercised by the Federal Government. bar 
Mr. Galloway questions the writer’s diagrams because they expresi w bess 
ae supply and demand in percentages of totals. fi To have given quantitative data 4 


— 


a: ig would have defeated the pt purpose of the } paper, which, as'stated in the Synopsis 
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= factors to the private ownership of; er ‘ant 
— or mrigation supplies, demagogic a 
onstantly endeavored to emphasis are 
_ticians and short-sighted reformers have c 
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figures would a Jocal of each example cited, and the study 
would have been limited to the present demands. — By treating these examples | i 
generally, a forecast i is as to the ultimate utilization the entire 
‘Fifty ora hundred years hence these streams will be flowing much as th sol Ge 
; are to-day. In all probability the curves of demand for power and irrigation _ 

will not be materially. different from those “indicated, because they are i 
pressed in percentages of the total,rather than in,second-feet or kilowatts. The 
simplicity and value of presentation in the ‘yhanner adopted by the writer 
would have been completely lost had he followed Mr. Galloway’s “suggestion as 


“illustrated by Fig. 14, in which neither percentages nor quantities are given, = 
curves being merely “typical”. ine sep wae uy ke the gction — 


‘The writer reiterates his statement) that water is and always will be 
- necessary / for irrigation, but not in the same degree for power. - There is st stern = 
justice in conceding a preferential use to agriculture, and power interests s will 
in the long tun by such conée’sion.. Whether or not there is ‘a 
of interest isa local fact There i is nothing about. it. 


reservoirs. “Many sections, are not so > topographically fortunate in > 


respect, and where such solutions are not possible: @ concessions will have 
to be made on both sides. There i ” however, a sal limit to the concession irriga- 


_ Those discussors who ) mentioned the subject. at all agree with the writer in 


’ his ‘remarks about | storage by forestation. It i is ‘gratifying to know that some 7 
_ engineers at least have done some e original thinking on this subject and have 


the thick coat of propaganda spread over it. 
ao? int} 
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DEVELOPMENT OF INDUSTRIAL SITES AND ‘TRACKAGE 
LAYOUTS KANSAS CITY, KANSAS, 
ANGELES, ‘CALIFORNIA, BY THE’ 


In the writer | has | given brief descriptions of the Fairfax 

4 trial District at Kansas. City, Kans., one the eastern terminals of “the 
Union Pacific System, and of the industrial districts at Los Angeles, 


7 one of the western terminals of the System. | 


the keen competition m which | enters into the business of the railway 


j 
Berane systems of the country y generally, and, more particularly, with t 
ve recognized the necessity of providing suitable trackage for various 


tions, to enable the industries to handle commodities transported in in carloads 
with the least possible delay a and at the least expense. i ii e 


thew 


line with this progressive policy, the Union Pacific System has encour — 
ae wh he industrial trackage. At Kansas City and 


7 te * Presented at the meeting of the City Planning Division, Salt Lake City, Utah, July 


= 1 Ge Gen. Supt., Los Angeles & & ‘Salt Lake } R. R., Los Angeles, “cate. Pr Ps; 
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DEVELOPMENT OF INDUSTRIAL srs 


as here it has invested i in large areas of land contiguous 
its railroad, and has planned thereon a system of trackage to accommodate 
tHe ‘With 1 the development of Kansas City it has been apparent for some time 
that an industrial district should be be added d to the ity, as well districts for 
residences, retail business, and manufacturing of certain classes. With this 
end in view, the Union Pacific System, in line with its policy to aid in the 
~ development of worthy institutions within its jurisdiction, in co- — 
other enterprises, has established the Fairfax Industrial District, at 
Kansas ‘City, Kans, The ‘map (Fig. 1 1) shows its lo tion north a nd e east of — 
the city, on a tract of land which many years 4 ago ° was built up by the : action ae 
of the Missouri River i in depositing sands i in what was formerly the old chan- 
nel. 1 indicates how well the tracts that save out 


First —The area of the Fairfax Industrial District is 1 300° 
(a) The area to be used for streets, approximately 2 200 
(b) The area to be used for right of way of spur- -tracks, approximately 
(c) The area within | the dis rict released for dike and : storm drainage, 
—A beginning has been in the construction of trackage to 
T hird. —The ‘ultimate development. of main switching spurs and | 
- tracks is approximately 40 miles. (This mileage does not include such sep- 
arate loading spurs as may be constructed for the exclusive use of individual — - 
indutzice, which would be built at the expense of the industry. Brat 
Fourth.—The tract, exclusive of streets and alleys, is made up in lots 100 ‘i 7 
~ ft. wide and 600 ft. long, more or less. ess. Th The lo lots are to be 100 . wide; indus- 
requiring a more space ¢ can occupy more » than one lot. 
ith —Arrangements have been made for water r supply and | drainage. ¥ | 
dike of earth, , with rip-rap when necessary, has been thrown up to protect 
q the District from any encroachment by the rivers. ‘a _ This dike was constructed 
at the expense of the Fairfax Drainage District. 1 


“Sizth- —It i is proposed to sell industrial sites on time if par 


tla om 
was reported in the Federal Odidus for 1920 as 440000. There has been a 
“Steady, | gradual increase, e during the pest five years, wad 
Whe the Union Pacific System 1m purchased all outside ownership in 
Los Angeles and Salt Lake Railroad in 1921 and made Los Ange one of | 
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as a “manufacturing and distributing center. In the ‘preceding — 
decade the city had made rapid strides” industrially. Construction of every 
character jmeident to the rapid increase in population in all Southern Cali- 
fornia gave to this movement. . The improvement ¢ Los Angeles 
Harbor from a “mud flat” to a harbor of major proportions, and the subse- 
quent development | of trans- Pacific and trans-Atlantic as well as intercoastal 


4 
Study of the existing industrial situation indicated development princi- 


pally on lands immediately abutting existing rail lines and ‘gradually spread- ee 
ing in all directions from the business center of the city. Itw was apparent 
that, in a short time, this character of development would bring about two city on 
undesirable results: : First, the indust ustrial district would be scattered over” 
— large areas; . and, second, industrial areas suitable for rail facilities would soon 
be improved and further industrial development could only be brought about 7 


‘The needs of the local situation were resolved into four classes. te 
developments by the Union System briefly as -fol- 
First. —There was need of close-i property. of improvement 
by rail facilities and within short truck haul of F the « central | business district 
for the location of industries the character of whose business, such as warehous- 
‘ing and light manufacturing, will bear the overhead 1 of valusble realty and 
- the type of building construction required by fire ‘protection ordinances for 
-town business districts. Such property was to be subdivided to 
ide for the warehouse type of construction. Lots were to be varied in n width 


4 


- from 100 ft. to a maximum of 150 ft., with blocks, i in so far as other govern- y 


Th 


‘The matter of industrial | spurs was given cal careful study. first demand 


dema 
: of the a average industry i is for an individual spur- spur-track. An attempt was made 


ing ¢ conditions would permit, having a minimum length of ix ft. ee 


. Vaeahing from more ‘than one ne industry on a service track is more than over- iy 
a 


come by the saving in valuable underlying realty and a single service spurt 
to each subdivided block was was adopted. To reduce to a minimum the incon-— 
-yenience to industries caused by moving partly loaded or unloaded cars 8 to: make es 
switches for another industry, a third track was designed to serve as a lead Ed 
track, extending through to the block farthest removed from the holding yards. 

To insure prompt deliveries and further facilitate switching, the industrial a: 
subdivision was provided with its | own holding yards” of a capacity designed he 
to meet the requirements of the ultimate development of the tract. § a 


‘Streets were | e laid out with a minimum width of 60 ) ft. and paved with con- 
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DEVELOPMENT OF INDUSTRIAL SITES 
Ih accordance with city requirements, sanitary sewers were placed 
the center lines of streets, house connections being extended to each lot. City 
water lines were laid in one unpaved 10-ft. strip and gas lines in the other. , 
Telephone and electric light and power lines on pole construction were like- — 
“wise located on the | 10-ft. strips. - Storm sewers to meet the needs of the situ- Ph ; 
ation were constructed and connected to existing city lines or given their “ 
own separate discharge into the adjacent 1 river bed. d. T The property made avail- 
able’ for sale to industries excluded the track area, the Railroad 
retaining ownership to the tracks and | realty underlying them. A develop- 
“ment of this character is shown on Fig. 2, outlining the Union Pacific Metro- 


Second. —Other property must be reasonably close in but far enough r 
‘moved from the central business district to reduce the cost and relieve the 

industry of heavy carrying charges. _A lower grade of building - ae 

also would be permissible. _ This would serve for the location of a warehousing 

or manufacturing business 1 requiring . convenient close contact with the central 

E usiness district, but unable to support the greater overhead of high land © on 

jues and expensive building construction, as well as for industries requir: 


somewhat larger areas and d open storage. 
Ih planning the subdivision of this ‘property, _an effort was made to vary a 
width from about 210 ft. maximum to a minimum of 120 ft., with blocks 


a minimum length of 600 ft., and subject to ‘requirements of of the city 


conforming with existing dedicated streets. layout was so “made, as 

shown on ‘Fig. 3. ¥ This subdivision is laid out with 60-ft. streets, paved with a 

om a as described in the preceding class, and is also furnished with sanitary a 

"sewers, , storm sewers, high- pressure gas, city water, telephone, electric light, 

power service. Service tracks, intermediate lead tracks, and holding 

yards are designed substantially as described for the Metropolitan Warehouse 
and Industrial District (Fig. , except that for this development the third, 


or intermediate, track was extended ‘subdivision. _ This 


removed from the a and ‘retail ‘suited for the 

development of a a class of ee requiring acreage, or for embryo inde 


overhead | of the more expensive in the preceding — 
‘selecting these locations, attention was “given. to direct 
rele access to to the city and to surrounding towns, but o of necessity, in 4 
; 3 “order to secure cheap land, the locations were 5 or 6 1 miles ‘removed from ile ie 
2 heart of the business district. In this character of development, in order 
hold the selling price as k low as possible, improvements were held down aa 
bare necessities. The properties selected , being located without the city 
limits, are at “this time without sanitary sewers. It is contemplated that 


will take care of this: feature “until the development of projecte 
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_ The subdivision as designed will provide, on about one-half the area, for 
“pts varying in 1 width from 150 to 300 ft.; the lengths of blocks, in so es 
a8 conforming with orderly development, varying from a minimum of 800 ft. | as 
“to a maximum of 1200 ft. . Streets. were designed with a minimum width es 


60 ft. "Where a central street may be used.as the main ) artery of trucking, 


BADGER 


otek 


for entrance and departure, an 80-ft. width is assigned. About one- half of 
‘each subdivision is allowed to remain without projected street and trackage 
development. ‘This will later accommodate the large manufacturing or assem- 


‘bling plant requiring acreage, it being contemplated | that development would 


For trackage, a 17- ft. Tight of way is withheld between | ch subdivided 


sil = 
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| 


furnish their own spur- 
- paving, as provided, situ of a 24-ft. strip of concrete paving in the center 
of the street reservation. Ms Industries may, at their option, extend the pa pay rf 
to. their property lines. In ‘each instance, g as mains are available within 
~ reasonable distance. pt It may become necessary later to construct service mai ns 
= each street. In order to wae the pi price e down, this facility i is beer now so 


— 
se 


‘Salt Lake ‘Railroad ‘Property, a ‘ieee acreage of land at 1 Los Angeles Harbor, 
= of which has a a direct water frontage, the larger portion, _ however, being 
potential industrial land immediately back of this. This property, as yet 
almost undeveloped, is held for warehousing, light manufacturing, and acreage 
industrial purposes. An | illustration of what may be termed F. “typical water- 


development design” with the subdivision of the Supporting 


7 ou Union Pacific System, i in a large measure, to keep its transportation : facilities 


abreast of the development of the e cities in which t they are located, a and con- 


tribute to. a spirit of in these cities. 
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ALD. M. C. E Cities, like ple, have their indi- 

- yiduality. ) is a strange thing, and one often commented upon, that of all 


- the people in the world no two persons are exactly alike; and this ae 
teristic of individuality is even more pronounced in cities than in persons. — 
The problems that confront each city are those peculiar to its particular my as 


needs; and a solution that meets the requirements of one will only apply 


When a railroad terminal i is ‘to be established in a city built in a flat, ld 


‘ -eountry, it is often a serious problem to select a route that will meet the needs 7 7 


of the road, and yet not seriously invade some residential district, greatly to icy 
abivery fliw bon vin odt Yo of oulav oldentiteant 
Nature has been kind to. Spokane, Wash., . in many ways, and has provided» i a 
=~ the problem of a railroad company invading to any considerable extent a a 
any of its residential districts. — ‘The ‘City of Spokane w was started along | the oo ie 
~ banks of the Spokane River, and has ‘developed about equally ‘both north and Ee 
south of this dividing line; the ground rises on the south to a plateau about — 
400 ft. above the ode andl: on the north side, . more gradually, to an elevation 
of approximately 100 ft. ° As is the case with most of the Western cities, the 
“alley through which the ‘Spokane River flows is the only practical place for 
~ the railroads to build; so, by nature, ‘all the railroad terminals and industrial 
sections of the city are in the flat valley on each side of the river and interfere 
little with any residential section. 
The down-town section of the city. is cut up, hawever, with. three 
-line transcontinental railw ways. This has been very expensive, both to 
~ the municipal government and to the railway companies. Tf, twenty years ago, * 
the railway companies ha had been able, as they do now, to- have seen this 
problem in the broad sense of transportation and service to the . public, rather 
_ than in an impassioned desire to get business away from t their competitors, _ 
such things as this could have been avoided. 
The existence of railroads is s only. justified they render se: = 
the public; and this fact should be kept uppermost in mind by both railroad © 
a and city officials, to the end that the e terminals m: may hb be designed s so that the 7 a 
public will be best served, and not ‘merely that one company may y take away 


some of the business | that its receives. by 


a 
older cities of the United States will soon have to consider the a oe 
{Mgr., Commercial Development Dept., Co., Pittsburgh, Po. 
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a experience in the past to provide for the future growth of cities, is certain]; ag = ee 
yet this method should go a great way toward eliminating of the 
tunate situations in which some cities now und thems¢ af — 
a 
a 
j 2. 


industrial districts to ‘take proper care of their Taxes have be 
come quite a a serious problem with some plants situated in the central 


towns. In a number of instances taxes, with high real estate values ‘that pro- a 


hi hibit plant additions, have compelled long-established industries to move out 


Hunt,* Assoa. M. Am. Soo. ©. E. —The arrangements for 


- the terminal facilities at the Port of Los Angeles are particularly impressive, — 
Of special interest is the kind | ands amount of aid offered by 1 the City of — 


1 
_Titory to be developed into. unloading docks, store house, and 


| 7a ‘en 3 terminal structures, is an example of what a progressive city can do to assist re 
= = “4 and procure for its industrial program aids that in the years to come will be F bis 
~~ of i inestimable value to the growth of the city a nd will provide for more effi- “ : In 
; - cient and cheaper freight handling for the railroad. Both the City of eo 
Angeles and the Union Pacific Railroad System are to be congratulated 
baa * Ci Civ. and San. Engr, ‘Oklahoma City, Okla, ig 
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FIELD PROCEDURE OF ADJUSTING 


CIRCLE LINE TO THE RHUMB LINE*’ 


hae 


BORG L. Hosmer, Josern J AM wes Conn, AND N. B. Sweitzer. « 


ae 


Technical literature on on the various branches of f surveying is. on the 
subject of the ‘geodetic problems of establishing various lines on the earth’ eke i 


surface, ‘comprising boundaries, to connect Points of known latitude and lon- 


field use covering all phases of this question is a process. 
‘To summarize selectively for the needs of the field engineer, to supply. shorter . 


and simpler formulas giving results well within the limits of admissible error, 
“and to supply data for field use, is the object of this paper. ga pie tre a 


Many boundary lines are rhumb lines varying from ‘the parallel of latitude AG 
- through the quadrant t until they merge into the meridian. Ordinarily, such 


q lines were first run b by instruments with a a solar attachment, or by the needle, 


bu 


retracements for extreme accuracy are now generally run by the engineer's 


loxodromic curve, a ‘short practical ‘method has been needed. The basis of 


¢ transit. To convert this great circle or transit line to the thumb line, or 


these calculations is the geodetic proposition involving the Tines, connectin 


3 latitude an d longitude positions. ‘These are ‘simplified by the use of the theories 


governing railroad curves, with all unnecessary velineanenta eliminated, care 
4 being taken that the limit | of error in | the calculations would be so small that is 


it would ‘not show in ‘the field projections. ‘The formulas given contain al) — 


* Published in May, 1926, ed). 
Dist. Cadastral 8. Interior . Land Office, Denver, Colo. 
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rhumb line by the igre of ‘i transit nee great circle 
line and also for ealculating the latitude and longitude arcs of ti the earth 


National boundaries as well as -sub- -divisions thereof, and even boundaries 


marked on the and platted 


_ with all meridians. ‘The final recorded plats of many ‘railroads, canals, high- 
ways, etc., are also thus given. Calculations for closures, areas, are 
n this curve; and the surveyor or engineer, especially in | -cadastrs 

- work, i is ag making his calculations on this line as a 1 basis. One of 

_ the main reasons for adopting the rhumb line so generally was on account 
of the instruments in wide use in former years and the consequent formulas 
nm? and tables adopted for proper reduction and calculations based on this system oe 
The first of t these instruments for f finding directio or bearing w was s the mag- 

netic compass which ran an approximate thumb line. | About the middle of 

the Nineteenth Century, the solar compass came into use; th this was a vast ee 

improvement in accuracy over, the needle and ran a true. thumb 
Z curve. By the aid of these two instruments practically all the cadastral sur 

es veys in the 1 United States were made and recorded on the official or commer- 


On account of inaccuracies frequently caused by. the inferiority of 
compass in recording true bearings and also by carelessness 


handling the solar compass, a review ‘of « early surveys often shows | large errors — 


in closure or in areas. This was, originally, not considered particularly detri 


‘ ntal on account of the small monetary value of lands, but a as values: in- 5 


creased and restorations for lost corner monuments became imperative a new — 
element was introduced into cadastral work—the harmonizing of the error. 


ese increased land values demanded better and closer field work and 


instruments. The legal side i in regard to. ‘the re-location or 


This 


ht ae to the fron av 


m always been the main reliance for the projection of lines, and its ——2 
by 
“cadastral work of prime accuracy is now acknowledged. The enginee 


The requirement to- day is to run great ‘circle with the 
- transit and to transfer this line on the ground by means of offsets ‘ind ts proper 
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ES data and methods for running one kind of a rhumb line only, namely, a a parallel a a 
of latitude by the tangent or secant method, but there are many variations of = 
athumb line from the parallel in practice, and the writer has been unable _ ga 


“ find a general method treating all positions or courses of this line, and 


seapable of use in field practice. The general rigid methods given in geodetic — 
surveying for azimuth, with latitude and longitude known, are too involved for 


4 rapidly moving field party. prover reg ai 
Leonard 8. Smith, Bod. C. E., suggests the following: == 


D= no = mean latitude = “© - 


= latitude of a known point; gai ivall 


latitude of a second or unknown point = ¢ +d 
d ¢= — alion & ods Yo adi es 
longitude of a known point; 
= of a second or unknown point = a+ i. ts 


he: the south point in the direction S. W. N. E.; dite, ednil 44 
azimuth of the known point from the or the back 
bn K = length, in meters, of line joining the two poluits sp 
wo J = evcentricity of the earth’s meridian sec section 
| N= length of the normal, or radius of curvature of a section walle inf 
i: dieular to the meridian of the middle latitude, in meters; 
= radius curvature the meridian, in meters. tino 


This formula is not exactly rigid, but 


‘most exacting field engineer. - The main trouble is that the geodesists have not G 
thal agreed on the form o of the > earth ar and give various values 3 for i its flatten- A 
in ing or ‘ellipticity, ‘and, apparently, the arcs in the same latitude vary in different is 

longitudes, and id conversely. - However, the surveyor is not directly interested = 

in this question, as the magnitude of his operations will not be such as to “ 

x cause his work to be materially affected by these discrepancies. — 


The tangent method, of locating a parallel has its limitations, 
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of the distance—but for short lines ‘it is because of its freedom from 

tan 

takes in the setting of offsets, doubling 1 The variation of 

of the offsets is difficult to remember and the exneeel problem is more involved — Me p 

The variation of ,the method here offered is practically, the\same § 

, as that used on railroad work. The only difference i is that instead of sing ‘Poa 

the ordinary functions of the railroad curve, the latitude and longitude radii 

and the normals of the earth are substituted.’ Basically, the parallel of lati- 

tude is taken. A 6- mile tangent, is assumed for a a given latitude and the inter- a) — 

section an angle. calculated by the following | equation 

es ade sin (m ¢) = curvature or intersection 

‘Theo offsets, i in links, from | the tangent to parallel are ‘obtained by the equation: 

in which, d is diffubenes of longitude, in m > is the latitude, and = 

Having thus secured the curvature or intersection angle for 6. 

calculated : the offsets for each 4 mile (the first 3 miles of offsets are all that a <: 


gies required a as the offsets of the other 3 miles repeat in ‘inverse ratio), obtain — 


by an observation, preferably on Polaris, a true meridian. Then, commenc- *% a 
at. A, as in a Fig. 1, turn an angle of 90° and run on a tangent 
: offsets as follows: 4 mile, no offset; 1 mile, 1 link north to parallel; 14 miles, o ee 


ae. 2 links north ; - miles, 4 links north; 2 miles, 6 links north; and at 3 miles, ‘ 
links north: to parallel. At this point, turn a deflection angle of 4’9 to 
the left and run on a tengerit 3 miles, setting the offsets in inverse order always 
north. next 3-mile point will be: > tangent to the parallel and will be due 

“east, the same as at the starting point, and a back-sight of one-half‘the inter- 
a section angle, or 2’.4, will intersect the starting point, 6 miles westward. Ea 4 
ek pea peat this procedure indefinitely if it is required to prolong the parallel, or, as as Pa 
7 oo Fig. 1, 6 miles farther to C. A great many of the old lines to be pete 
on the ground, given ¢ on the plats as east or west, vary: in reality consider 
from these cardinals. Manifestly, the intersection angles. and offsets ‘of such 


line will differ from those given for a parallel. al 


7% 


tom er al eit 
Fig. 1, assume the parallel to be revolved shout B as an axis, to oceupy 
the position, 4 B Ce, and assume the course of A B 4 to be N,,47 Bs Its 


“ularities, the intersection angles ‘om offsets may be written: 


pi ‘sin (tan X58’ 2) = intersection angle, 6-mile tangent ay 


aay “oath botootia. vileitetse: od at aid 
{dx sin sin = intersection angle dT” 


sin 6 (1.01 x D? x tan o) = = > offsets i in links: from tangent ee 


in (1.01 1 
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course of hine, latitude, D = distanee, in miles, m 


“mean latitude, and d \ = difference in longitude. bas doo ev 


Wer Mable, 1 for Latitades: 38° to 49°, giving offsets in links, deflection natin ts 


hed 


tangential angles, and difference of longitude for ¢ 6 miles for the given lati- — 
t tudes, will cover the latitude of the United States. 6 
ib, 

Ad 


an botala 


whic 
tai 


meg A "PARALLEL OF LATITUDE OR A RHUMB LINE FROM A . 


ehe 


on Great Crrcum Lins, 


ABLE 1.—Orrsets ANKS, DEFLECTION ANGLES, ETc: the - 


; _Defiection 
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= can easily be ‘made for any of the functions given, as they 
Seen. vary only slightly and are smaller than the least reading of the verniers of — 5 


field instruments. These functions, multiplied by the sine of the course of 
a thumb line of the | same mean latitude, will give the corresponding fune- 


tions of that line. For a ‘long line the total curvature is equal to ’ the sum good 
of the intersection angles, which will restore at once the desired m meridian 
— and will enable the engineer to check accidental or accumulated errors by wok 


7, Back- -sights on or back azimuths are one-half the sum of the intersection tion 

_ angles, or the sum of the tangential angles. A 6-mile tangent is emma for ' 

- in this example for convenience, as its apex distance i is small and i is kept -_ 6m 
a its objective—the parallel or rhumb line—but a tangent of any greater length § witl 
i could be assumed and calculated by t the formulas, as well as the new inte- § 


Column (10) in Table 1, “Difference of Longitude”, can be rigidly cal- 
an equation in use e by the Naval Referring to to Fig. 


“a Let, = B ow = —" of latitude, i in 48° N., for 12 miles — : tio 
BC rhumb line (N. 47° E.), in mean latitude 43° N., for 12 


d N S = meridian through Point B. 
“Hevisg tangential angles, one-half if intersection angles. — 


“4 Offsets from tangent to ) parallel, in links = = 1.01 X tan 


at Offsets from. tangent to curve = = sin 6 (1.01 x tan an 4). 


Total curvature of line = = intersection 


Curvature of meridians = | a- — sin 3 
a Length of 1° of longitude = 69.3 XK miles). 

Lat. (statute miles) = 69.0569 — — 0. 0.8494 cos 2 ad 0.0007 cos 4 
Tig Long. (statute miles) = =-69, 2316 cos 0.0584 cos 3 


ai aha. a> 


‘It can be writtels for the ordinary field practice: Length of a a in 
Rar longitude = 69.30514 cos ¢ = statute miles, for Latitude 49° N. and 69. 25195 
C08 = 1° (statute miles) for Latitude 30° ‘N. intermediate latitudes, 
; o by interpolation for a new factor between 69.30514 and 69. 23125, a close approx- 


_ imation ean be secured, close enough for any ordinary field use and far within 4 


SAE * This is very close for 49° latitude, for 30° latitude use the factor, 69.23. 
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“the lea: least count of the field | instrument. It will be wise to check the longer Ass) 


formula hy the shorter. one, as it is more or less involved. ‘The latitude is not 
80 important as the value do not change rapidly; it can be taken from any 


good map or obtained by an observation on Polaris at the upper or lower 3 
In presenting this problem, the main idea has been to » simplify complicated = = a 


“mathematical formulas and involved solutions. This is exemplified i in the equa- 
tion for the intersection angle, tan ¢ X 5’.2, which eliminates the oe ae — 
for solving the difference of longitude. This study i is confined to: $ a tangent - 


6 miles, which is naturally the most convenient one to use and i is accurate to 
within 1 ” bal are wha to 70° latitude, where it varies only 2” in are. pes 


recognize something | ‘te which he ‘has been looking. As search through 


ind 
neering or surveying literature reveals apparently | nothing bearing ee q 


on this ‘subject, except as 8 previously mentioned, | of course, | on the 
specially as it ‘applies to pr primary pry secondary traverses: and reductions for 

Ti etettene:. The methods here described are too involved for the ordinary 

field surveyor’s use and for engineering work k which requires rapid progress” 

with a minimum of office calculations, at the same time bringing the field data a 

to be placed on the ground well below the least count of the verniers. These Ba i 

-ealeulations will do more than this, however, even if they are simplified | as far a a 

as s possible. It might be well for the field engineer to have a copy of Fig. 1 ‘ 

his field book, as a glance | at it will show him just how far he is departing on “3 


any transit line from his. objective rhumb- line course, and consequently from 7 


- pualel to the meridian ; sib they will be at a minimum and finally dis- 
“appear on the ‘meridian; and (3) where they ar are he a maximum on the parallel. — 4 
Ith should be remembered that the offsets vary nearly as the square of the dis- _— Bs. ‘2 

sol tance on on the tangent and that the intersection angles are proportional to the | 


distance in any given latitude, and, therefore, for the longer tangents that 
these two —. will materially increase and depart from 


In regard to maximum error by the use of these 
for field purposes | in preference to the more extended and laborious methods, D 
it is well to remember that the ‘rigid geodetic calculations ms are based o on 
theoretic ellipsoid of revolution which, of course, closely approximates the <i 
form of the earth. The writer’s object is to project a rhumb line which will 9 
‘Tepresent, as nearly as field conditions render possible, the actual curve on the a 
earth’s surface within the limits of the latitude selected for operations, and to 
Lay 
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limits are from the ‘Equator to 60° latitude. A. comparison | of the short a 


or 


mulas given herein with those developed by the rigid t heoretic. ellipsoid 


revolution, shows a maximum error well within 1” of arc for a rhumb’ line of 
24 miles. This is a fairly | long line for ‘Te-survey work between’ known ori ori { 
inal corners, for r original work between monuments established by astronomical 
determination, or, again, for other work before check azimuth determinations — 
are made. At 70° latitude this error is about 2” of arc. . As the engineer's 5 
- transit seldom reads. to less than single minutes of are and.as itis sles 
a lations are far more than actual field operations can achieve, 
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ka ‘ ‘4 le of d 


an 


great circle line to a rhumb Ene is intended to apply primarily to 
dines of cadastral surveys for which the distances between control points 
ordinarily not greater than six miles. Nevertheless, allusion is made to oe 
Sonne of the method to longer lines such as those found on N ational and 
; State boundaries. In that connection, it may be. of interest to point: out some 
a the other considerations which must be taken into account by an engineer _ 
bs _ Practically all National and State boundaries, if defined by arcs of the 
“parallel or of the meridian, were established by astronomical methods starting ; 
from a known p point, such as an astronomical station. A random line \ was first — ae yo 
ir run by one of the usual methods for a number of miles and another astro- — a : 
position was then determined. The random line was then corrected 
to conform to the position ‘of the new abineenedetl station. . Although there a 7 
variations of this procedure ‘possible, these general principles will apply 


_ The accuracy of the determination of the astronomical position at the new a Pe 
point will depend on the instruments and methods used. When the 
"accurate: field instruments available are used with the proper methods, lati- i “i 
can be determined with an “aceuracy of about 0.1”, which corresponds 
roughly to 10 ft. on the earth’s surface. Longitude can be determined with 
an error of about 20 ft. With an engineer’ s transit, the error will perhaps be 
as great. There may t be, _ therefore, considerable error from this: 
source to be retracing or establishing a boundary line of 
_ Still another factor to be reckoned with has a much greater effect on the 
location of the boundary line than instrumental errors or detailed methods of a 
establishing sections of a boundary line between astronomical stations, namely, 
a he deflection of the ‘vertical at the | astronomical st station. ‘The. existence of 
station error and its effect are known by all engineers, but they often lose sight 
Suppose that at two adjacent astronomical 1 stations at which latitude is a 
observed the deflection of the - vertical is in 1 opposite directions, throwing the 
_ latitude too far south in one case and too far north in the other. Pe The relative a 
deflection between the two stations affecting the latitude is, of course, the 
algebraic sum of the deflections in the. meridian: at) the two stations. | In 
country of moderate relief, the ‘relative deflection between two stations, 50 


a 100 miles apart, will not eatually exceed 1” to 2”, but in mountainous sateen , 


a or in regions where the rock structure varies greatly in density, the relative . ‘ 


deflections may be several times that amount. Between’ the east ‘and west 


coasts of the Philippine Tslands, for instance, the a stronomical distance is in ae 
g error by more ‘en’ a mile and a similar error exists ‘between the north and iat 


S. Coast and Geodetic Washington, D. 
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south coasts of Porto Rico. | India at Dehra Dun there is a 12” 
deflection hotween two only 5 miles apart, t, which corresponds toa 
error of 1 in. to every 100 ft. 2 
yh effect of these station errors is strikingly ‘shown by an examination of i 
State | boundaries in th the western part of the United States where the monu- < 
‘ments have been connected to the first order triangulation of the Coast and 


Survey. fa This triangulation i is on the North American Datum 


t in Kansas. The latitude and longitude of this 80 
, a selected as to reduce practically to a minimum the algebraic sum of the deflee- 
tions of the vertical at astronomical stations symmetrically distributed over 

5 the United States. The maps and charts of the nation are based on the tri- 
angulation computed from this datum. lous 


are of this first order triangulation crosses Kansas near the 98t 


_ Meridian. A boundary monument on the north boundary of the State wa 


found to be 888 oer too far north h, while one at the south boundary was s 500 ft. ; 


boundary ‘monument at the 


corner of Montana was found to be 650 ft. too far south and the one at the 


_ northeast corner of Wyoming was 800 ft. too far south. 
loser 


An error of that magnitude in the location of a boundary line is ‘is had e. 
_ . but a still more disturbing effect from the viewpoint of the ‘surveyor F 


is that the amount and direction of the deflection of the vertical changes ges 
- from point to point along the > boundary line, so that a line established by -" 
astronomical methods is a zigzag line. A monument on the « eastern boundary % 
of Montana is 1900 ft. too far east, while another one 150 miles south on . 
the same boundary line and supposedly on the same meridian is 1 400 ft. a 
- still farther to the east. On the boundary between Nevada and Utah, two 
Pi if boundary monuments, 2° 10’ apart, are 1040 and 3300 ft., respectively, too ey 
far east. On the international boundary between the United ‘States and 
pe 
ae Canada, along ‘the northern boundary of Montana, two astronomical stations 
a * 98 miles apart showed a relative error in latitude of more than 1 400 ft., while 
‘at another place « on the international boundary, there is a relative error of = 
The problem, then, of ‘the random line between astronomical 
stations is complicated immensely by these station errors and the 
— of a line is correspondingly difficult. At once it is seen why there has | st 
8 much litigation over State boundaries. The only chance of making a 
new boundary line agree approximately with the old is to re-establish the 
astronomical stations first established, and to interpose no new ones. 
‘ ‘The disadvantage ve of having boundary lines that are so difficult to re-estab- 2s 
= now be prevented, for no other method was available at the 


time they were on located. bai All political units, are | concerned, however, with 


of ‘two First, by strong monumentation of the line and frequent 
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inspection of the monuments as provided by some States; and, 
similar monumentation ‘supplemented by triangulation — along the boundary 
with a sufficient number of stations of the triangulation close to the boundary 

a so that offsets can be measured to the boundary at critical points. 34 a 

“station reference point of the triangulation scheme thus becomes a ‘monu- 

¢ North American Datum, therefore, will show a State astronomical boundary — 

7 meandering at a a considerable distance from the ‘parallel ¢ or meridian which | 

i it is supposed to follow. - Since a boundary is legally fixed after its location 

4 js once accepted by | proper authority, the only way to bring a boundary into a 


‘proper relation geographically with the adjacent cadastral and topographic 2 


surveys mapped on the North American Datum would be for the States 
mutually to agree toa re-survey, and that is is usually impracticable. 


2 boundaries, however, would be of immense e benefit” to the political unite con- 


cerned, as well as to the land-owners adjacent to the boundaries. 
mado to dbidw odt to od} obwtital edt 
_-D. E. Huenes,* M. Am. Soc. ©. E. (by letter)—The formulas of this 

: interesting and instructive paper, are practically correct for use within the = 

4 ' limits contemplated by the author. In Table 1 the angles to single seconds — 

the offsets to the nearest it link look inharmonious ; but, as s indicated 

values within 10 to 30” which would not t justify tenths links ; whereas, 

on on the other hand, the odd seconds are useful in other calculations. 

SY _ Probably no one would lay. out a long parallel of latitude from a single i, 2 
_ great circle tangent, for the offsets determined by the simple formula and 
the distances of the mile- posts. from the starting point would both become wi 
a appreciably i in error, except near the Equator. If he were only setting fence 
the | engineer might choose offset from such lengths of great circle 

i ares as would make the deflection angles whole minutes; but for setting ‘mile 
ae he would use miles of length, and, if on standard parallels, the six miles 

that: range line lines” are apart would be most ¢ convenient. Pointing out, as the 

author does, , the likeness to railroad curves is helpful to many, who may 
“have a assumed that to run a parallel of latitude is ‘more difficult. — ba & oe 

Sn In des times a student was shown that froma any initial point a line of 

Stakes, in Azimuth 90° or 270°, would, if continued, cross the Equator 


away, and therefore would mark ¢ a great circle and not a parallel of latitude, 


stakes are cut off on a straight at the initial point their stumps 


will project" above level ground varying amounts, each equal to the square 


- its distance from the initial point divided by the diameter of the earth (this — ag 
reduces to 8 in. multiplied by the square of the distance in | statute miles); 
S and that in the absence of refraction this is the correction for curvature used “a 
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= i ¥ _ Next, he would see that if on level ground other stakes are leaned. agai 
the qawed off stumps and Pointed each at right angles to the axis of the 
earth, the leoning stakes” will be in ‘a plane parallel to the plane of the 
vit oF Equator, and that their feet on level ground are, therefore, on the parallel 
= of latitude which embraces the initial point. the angle between the 


Plame stump and the leaning take is in each case equal to the latitude of 


correction for curvature ‘multiplied by. the. tangent of the latitude. 
Later, after dearning navigation, the student would see that an oblique 


cs = _rhumb line, if ever brought ashore, could be, marked on the ground in the 


Same way from. a line of plumb stakes set to the corresponding azimuth; 3 
ie but that in this “ease the feet of the inclined stakes, although on the rhumb = 


line, would not be at the same distances as the plumb stakes from. the instr 


> 
from the line of plumb stakes, ‘thus. making 3 new offsets whieh would 
ne This then becomes equal to the correction for curvature times the tangent of — 
the latitude, times the sine of the bearing, which, of course, , is identical — 
with the formula recorded by the author, except that he uses 1.01 links 
s _. The navigator, if given a transit instead of a mariner’s compass « on a 


: be proportional ‘to their lengths, and produce an aggregate equal to the con- 
ergency of meridians. His calculation of ‘convergency ‘is about! the sa’ 
s the suthor’s formula on» page 1008, wherein 6 miles is changed to 5.20 
geographic miles, or minutes, and : multiplied by both the sine of the course ie 
and the tangent of the latitude, which need be neither meridional latitude 
nor middle latitude when the line is so short. 
rhumb line, so simple to ‘navigators, has been little ‘more than 'a 
to surveyors ‘whose teaching and work have covered plane and 
"geodetic surveying, including the marking of parallels of latitude as required 
some State boundaries and on standard parallels or correction lines i 
(ae . the public land survey. _ Of course, ‘1 nearly all students were tricked to say 
Pig that a point ¢ going ‘4 miles per hour on a loxodrome running N. 60° E. would — 
at, never reach the Pole, in fact, this is still stated in the Standard ‘Dictionary +%, 
4 Those’ who gave it a second thought, however, realized that every inch along 
ee this course, ‘N. 60°. E., would make a northing of 3 i in, and that the point 


Ned baton therefore reach the Pole as quickly as would another going due north 
This i is a pretty illustration an series decreas 


short transit lines, he must make deflections at their junctions 


yet the navigator or surveyor at the Pole may 
assume any one as teference, ‘and from it turn off any 


“4a 


: Rie be equal to the old ones multiplied by the sine of the bearing | of the bet 4 


| wheel- barrow, will know that, to pursue the rhumb line with a succession of _ YG 


vil 
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‘loa tangents, ete., are “in 1 the great majority of cases’ loxodromic curves, 
and that such a curve is the “legal line”; for they had tried hard to keep } 
the lines horizontally straight. paced | pas Talos find blo 


Suppose that from an existing say, in Latitude 48° oN, 
line is , recorded as having been ron 47° E., 6 miles, to a tree now gone. ‘AU % ba 
} rhumb line N. 47° E. would miss the stump by a rod; another rhumb line ong 
bearing N. 47° 01’ 4 1” E: would hit it; but there is no record of such bear- Bi 
3 ing. F urthermore; this new line would have a 4-ft. bow, and ‘the ranchers” 
a the Courts want the fence line straight. Of course, an engineer oa 
_N/47° E. written on a line on a plat, can advance a technical interpretation Pa 
# that all parts of the line may be presumed to have that bearing, and utd 
F fore that each small part must so bear with respect: te its own meridian, on 
~ thus make a rhumb line. . However, i in California, at least, the ranch was) “3 


defined by plane surveying, with bearings referred: to one meridian through 


— 


: the point of beginning, unless there 1 was need to ‘adopt a faulty c one to fit” <a 

When the magnetic compass was used to initiate a course the effort after- - 
ward was, by aid of back-sight or fore-sight, or both, to keep the line straight; __ io 
and on long lines the varying needle bearings were read so that the last x 4 


instead of the first could be used if needed at the next set-up, and thus 


diminate diurnal variation of declination, local attractions, and convergency 


a 


ab 
- the line new meridians were determined by ‘it, deflections w —_— 
lines straight and the corner angles correct, except when a 
lected 


of magnetic ‘meridians. 


parallels, Tt should not be lightly assumed that the old surveyor n ; 
; to allow for convergency of meridians. — The best mathematicians and most 
careful thinkers lived long | ago. Even were it necessary now to assume that 


tt 


the old surveyor had failed to allow for -_convergency of meridians, yet it 
would not be warrantable to assume that he had traced a rhumb line fisted 
of a succession of great circle arcs; and if it is not known at what stations 


3 he was guided anew by the ‘sun alone, there is no telling whether his arcs ae 
were nearer a rhumb line than a single great circles on olds 


of 


4 Fore comparison of method ds, assume a a triangular tract in Latitude 43° >: a 
; with the boundary described as beginning at Station 1, witnessed so and sos = 


thence N. 47° E. 8 915 ft. to Station 2; thence S. 65° E. 14 387 ft. to Station 3; 4 sag 
thence W. 19559 ft. to point of beginning. In that: latitude each 1000 ft. 


of northing or southing changes the latitude 9. 87”; in each 1000 ft. of Lok 
easting or westing, the longitude changes 53”; a 
is 9.20”. Here, the meridians at 1 converge 
and at Stations 2 and 3, 2%. Hence, the geodetic surveyor ‘would record — 


ti 


cae Stations 1 to 2, 227°; Stations | 1 ‘e's, 270° ; Stations 2 2 to 1, 1, 47° 0 ov; 
- Stations 2 to 3, 295° 01’; Stations 3 to 2, 115° 03’; Stations Bt to 1, 90° ne Rs 


He, however, would agree with the plane surveyor in restoring Corners 2 “ae 


ind 3 and the intermediate line marks, for both surveyors would orient the 
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ines horizontally 
But how how will the thumb surveyor. restore the corners? If he finds, the 


old s ‘surveyor had a solar ‘compass, 1 will assume he used it incorrectly} 
Andi if so, will he use the recorded bearings, which if applied to rhumb lines, 
a " ae place Station 2 about 1.3 ft. to the northwest and Station 3 about 8.5 Shi iy 
north of the former positions ¢ Or will he run his. lines on calculated sub- 
stitute bearings of N. AT? 00 30” E., 64° 58’ E., and N. 89° 58’ 30” Wy 
in order to hit Corners 2 and 3? Even then his corner angles ‘will not be ‘ ay 
. — being 111° 584’, 25° 004’, and 43° 01’, instead of 112°, 25°, and 43°; 3 4g 
: his fences will not be straight; and he will have violated the general ‘under a 
standing | and the tenor of Court decisions, that lines from point to point eS . 
are to be straight, horizontally, unless” specifically described as 
43 parallel or other curve. peril took 9 
[as This. discussion is admittedly elementary, not for old men who will ot ce 
ee read it, but for some young man who may be prone to euely hastily seemingly - 
7 a new things too widely. 1 It is not a criticism of the author's paper whieh i is hs 
. &q clear in giving a simple and correct method of locating» a parallel or other 4 e 
line. of moderate length: author may yet explain more ‘definitely 


ie when to use rhumb lines instead of great circles in retracing lost boundariés;. Ss 


oa and he will be likely to ee that in case of doubt it is safer to use the latter. 4 
R. L. Fanis,* M. Am. ‘So. CO. E. (by letter). — consideration ‘of the a 


formulas developed i in “Geodesy” ‘shows that Mr. Sweitzer’s 


formulas are approximations: that are sufficiently accurate for practical 
the. distance taken is not much more than that indicated in ‘the paper. 
the thumb line does n not coincide | with the parallel it will of course not 
fae be a circle, and except when it coincides with a meridian or the parallel it will 
be a plane section of the ellipsoid. ¥ However, for the distance treated 3 
foe . ‘the paper the approximation to a circle is sufficient to answer all practical 
aoc fi purposes and the field procedure suggested i is Justified. The attempt to express 
the results of general formulas i in simpler form for practical use is comm mmend- 
Rec . able and no doubt saves engineers much time and trouble in practice. _ ie 
The writer finds i int his field notebook (dated 1892), a a discussion of this 
‘ae re 4] problem which appears to be shorter and probably somewhat more approximate, 


Be: 2 but which gives practically the same results. By way of comparison 1 this ok old 


at H, and corresponding to the parallel, D E. Then the line, F: = 


D F=co cos ¢ = cos A D,or BE; DF E= 1°; and the angle, D HE= incline: 
tion of the meridian, which will be called _X degrees. 3 
-  Requiped to find an expression for X degrees. The triangles, F DE and 


HE, have the same base, D, and are isosceles ; hence vertical angles, 


2a 

tu 

ae —, Equator = 69.16 statute miles. Let DE be an are of longitude on any — > 
Vag 
— 
— 

hast and Geodetic Survey, Washington, D. C. 


on JUSTING GREAT CIRCLE LINE TO RHUMB LINE 

‘vary as their (vertical angles, DFE and D H X°). Hen 


EF = cos ¢,EH = cot and the angle of 1°= DFE, 4 


“a To get the inclination i in seconds of are, multiply by 3 600 the number of Rar 
+ eats 3 in 1 degree. The above is the deflection for 1 ° of longitude. To get ie a 4 
pif the deflection for 1 mile, divide by the number of f statute miles in 1° of f longi- 
“tude at the particular latitude under consideration. 


_ Thus, in Latitude 43°. (Example 1): 


Divide by 50.66 miles = 1°) longitude in Latitude 43° 


which is the ne inclination for 1 mile of x0 Ma 


Offsets. —In Fie. 3 3 let. H D and H £ be tangent to two meri ares at 


re. 
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- Let, et T N be a tangent to the are of parallel at the point,, D; then | it isan ‘ 
and west line at D. ‘Then the ‘angle, E DN,i is the “angul lar deflection” — 
ie 7 in running the distance, D P, beginning at D on a true east aud west course; — 
= “os and P £, perpendicular toT N, is the “offset” from the are of the en 


Latitude, in if 


ra 
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angle at H, or the angle that measures 
= for 1° of arc (Equation 
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angle at H = 2 Angle E D N; or the angle of meridian ‘inclination i is 
the angle of deflection of ¢ an and west line from an arc of parallel 


The “offsets”, such | as are computed from the distance (length of 
um), ‘such as D and the angle of deflection, such as D Thus, from 
--Brample 1, the angle of inclination for 1 mile, Latitude 43° = 48.” 46; hence, 7 


Angle of deflection = = 24. 23 log tan = 6.0698637 
ai a of 1 mile = 5280 ft. : ; log =3 7226339 
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ful!» ai afe voids To beg offset = = 9. 


. Tables 2 and 3 give the inclination of meridians” wel offsets for various arg 


latitudes and distances. wd Jou dia , to ara 

GEORGE L. Hoswer,* M. . Am. Soc. C ‘ E. (by letter) —This paper, deserib- A 

‘ing a field ‘method of laying out the curve, is a substantial ¢ contri- 


‘bution to the literature of this subject, not only because it presents a simple Bi 
‘and practical field method, quite within the reach of all engineers, but also pi 
because it directs attention to much needed improvements in the methods of : 
- dealing with the fixing of boundary lines of all kinds. In the United States ae 
methods of doing have not received much attention and have not 


x. 
G 


because it is in aceordance with the accepted principle e and the 


important | Court decisions, that in a re-survey the object is to recover the a 
position of the original line, not to correct mistakes which 

in laying it down— —a prineiple which | has not “yet been. discovered in 


‘The author’s plan of substituting circular arc, or a series of circular ares, 4 
c- & for a portion of the loxodrome, is sufficiently accurate and gives practically 4 
a i the same line on the ground. Such curves can be dealt with in a manner — eg 


? familiar to. all engineers. The. short offsets from the geodetic line to the ee 
are given by his formulas to the nearest hundreth of a foot in 


as The geodetic formulas first mentioned in this paper are, of course, the 


g Puissant formulas as adapted for use on the United States Coast ‘Survey by 4 


_ “Hilgard about 1846. The one that applies | most directly to this computation is 
that giving the convergence of the meridians, or change in the direction of 


oe 4 The author has used this same formula (page 1008), in a slightly modified form. | is a 3 
The formula, tan is based on a 6-mile distance. At the Equator this 
would subtend an angle of 82. The difference in longitude on any o ther 


— 
f 
= 
= 
fe 
be 
: 


“parallel | of latitude de would be 5’ 2X sec ¢. This i is the difference in 

tude just as it would be computed by a navigator, the 5’.2 being the departure ihn 

a in nautical miles. This amounts to computing the difference in longi 

for a particular d distance along t the curve, and t the process | is equivalent to the 

—. solution of the second equation in the group referred to. The o convergence 

the meridians (equal to the change in direction of the loxodrome) 


vat = 5.2 X sec ¢ sin 1 
“a Along a curve having a small course { the change in in latitude must b be allowed — 
a since it affects the value: of tan ¢. The difference in latitude is given by 
the distance expressed ¢ as are and multiplied by the cosine of the course. ‘This 
P 3 is equivalent to solving the first term of the first equation, which is the only 
te a large term of this series. In dealing with any line not lying nearly east and 
it it is is necessary | therefore to > solve all: three of the geodetic equations, in 
= ol one form or another, although this may not be obvious from the simple 
‘These three equations may be re- -stated in a simple form, ‘sufficiently 
=?) ma accurate for the purpose in hand, as follows: _ Assuming the earth to be a 
sphere, a statute mile subtends an angle of 0. $68, (The Suppression ( of the 


terms due to the ‘ellipticity | of the meridian | to cause an error of less 


@ *. d than 0.5%, in the latitudes of the United States.) The three equations become 


Gan the notation, already used): sil! to gill 


dx =0 868 x D X sin sec dm 


which, d d -anddZ are the di differences (in minutes) of latitude, longi- 

rs tude, and azimuth; D is the distance, in statute n miles; @ is the “course, or or 

bearing; and is the mean, or middle, latitude. 

: — is natural that the use of the loxodrome as the true line should be 

4 - adopted i in regions surveyed by the United States System, s' since this curve 1 

* _ forms the basis of the system. In the Eastern States as a rule the loxodrome 4 
“this thet been adopted as as the true line. _ The original surveys of certain ‘poun- 
_ daries were run out by transit , (some of them as early as 1787), and are ‘there 


fare properly treated as straight, or “geodetic”, lines. Others, although run | 


ont by the use of the magnetic compass, have been treated s subsequently as if 


er boundaries, or portions of them, ‘the preceding formulas might have to be 
a modified, for convenience; + Noeit? there is no reason for not retaining the 
fundamental idea, that is, to regard the loxodrome as the true curve, but to 


substitute the circular curve a portion in the field operations covering 
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JosEPH James Corti,* Assoc. M. Au. Soo. C. E. (by letter).—The problem 


= 


a be ssolved, south of the Equator, through the use of formulas similar to those _ 

ven by the author, as follows: of 

ide = — coo Z+C . sin? 

in which, ¢ is medeured positively northward and positively westward; and 


TABLE 4 —Items ror ComPuTina Groverio Positions. 
(Clarke spheroid, 1866, a = 6378 206 5.) 
| log B 410 og | | 
8.50072 8.5185 
‘06 
the | 16 8.50061 8.51284 13 
aT 8.50055 8.51216 20 , 
mf 2 8.50052 8.51206 ‘23 
850012 8.51085 2.39 
or 3 8.60007, 8.51070 2.39 
he 2.39 
i . The cies ie B, Auth D, are to be taken fr from Table 4, A’ for Latitude 
for +=‘ Table 4 has been prepared from “ “Formulae and Tables for the Computa- 
be “4 n of Geodetic Positions”,* by reducing the number o of factors and decreas- e. re 
the ing the number of decimal figures, both to the limits required by the field 
te engineer. Tt can also be used north of the Equator, with slight changes i in the 
ing as shown in the paper. hae owt bow 
Ten «(If from Point M, on Parallel 43° S., a  loxodrome of 47° constant azi- 
had been located, P being its intersections with meridians | 5’ 
can 


— 
— 
— 
— 

4 
4 
= 


4 


ON GREAT TO RHUMB LINE 
it makes no difference whether the computation is made first from M to Wy. 


checked a afterward from N to or in the inverse order." However, if 
Toxodrome i is to be located, the latitude of N being unknown, | the computa: 
_ tions must be made first from N to M, and | chetked by computing from Mo 


ON with the latitude obtained for W. tie > “bar - 
computations from N to M are made as follows: Fir is computed 
sin Z = 3.83221 n, anddZ = dX. sin 24”6., It will be 
sufficient to take « ¢, the latitude of instead of the unknown 
Peek. The loxodrome is a curve which winds spirally on the surface of the earth, 
; with curvature varying from point to point. _ For the purpose in view, how- ot 
<< the stretch between | the ends of a chord may be taken as an are of a a 
parabola. with the axis perpendicular to the chord at its middle point. This 
fixes the position of the tangents at M and N, by taking 
ema re a = 1’ 42’’.3 as the angle that either of them makes with thechord,MN, | 


t to write at the foot of (2) in Table 5, = 47° 1’ as the 
azimuth for M ‘Na nd Z = Z’ — 3’ 24"6 6 + 180° 226° 58’ 17”.7 as the azi 


9 ar 
is known, log tan as 0.02 991, and the set of "operations, 


an (log sin Z= = 83221 — (log tan Z = 0. 0.02991) 


K.csZ=3 On) + (log B = 8.51082) 


EXAMPLE OF COMPUTAT 


‘a 


log Kt sin Z = 3. 832 and log 1.374, m is computed, “which in 
this problem will always have a minus signs and this 3 leads to -@¢ 56" 
84.557 as the latitude of Point N. Whe fo ae 
- the computations were repeated ¢ giving to new values in 
i accordance e with the the latitude obtained for N, it it would be found that the dif- — 
ference: in the results would not justify the additional 
computation of ide must be carried to the third decimal | place 
a in seconds, in order that the disagreement in the values of azimuths may 
The check from M to N is to be done entirely from the top downward, 
from ‘the latitude obtained when computing from 
Lastly, four values of K will be obtained, two from ‘the computations, 
ae, oR to N, and two from N to M; and the four values must check within a few — 


If it were desirable to locate points of the parabola between the ends of 


bed 
ABLE 5. 


& 


ad the chord, ‘the offsets would be determined by starting from the middle am _ 
longest one, given in meters by ry K tan 2 
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56! 84,552” 
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¢ that. the author has computed the values in Column (10) | of Table 1 by means 


of the formula, d\ = K . A’. sec g, with K = 9656 m= 1 mile, the 


i: oe d Z known, he computes Column (7) by tan —; and fills out Colum re 


(2) to (6) with the offsets of a parabola. 

The method of the paper, therefore, is s shown to be. the 


is much ch to b be commended for the preparation and publication « of his hd 


the direction of the chord and the tangent. have been 
and after computing the offsets from each of these two lines to the parallel, 
e a ee the meridians of the different points to be located, two surveying mir 
are sent to measure off the -abscissas, one along | the chord, the other along the 
4 tangent. When the two parties ‘reach the foot of the two offsets for a 
: point, the distance between these two must } agree with the one computed, = 
the corresponding point o n the parallel can be located with no 0 other instra- 


= 
ment than =~. 


as an For the location of 1° 40° of the — 36° parallel, part of the southern 4 

a boundary « of the Province of Republic, the computations 
made with reference to two chords of 75 km. each, passing through the 
7 a _ middle point of the are toward the ends, and to the tangent touching the 
parallel at the middle ‘point. Fy The maximum | distance between the foot of the | 

two offsets for a common point was only 321.2 m. a, 


AS N. B. Swerrzer,* Assoc. M. Am. Soo. C. E. (by letter).— discussion 
Hodgson brings the “question of -eontrol ‘on State and National 
boundaries and emphasizes the fi fact that these isolated and unconnected 

astronomical determinations are not actually on the parallel or meridian 

intended and as described in the accompanying field notes and calculations. e 

- ‘This 3 fact has been well known to many field engineers who have retraced 0 old a 

lines: or who have had to tie into these boundaries. What has often appeared 

paradox is the fact that a line astronomically ‘determined with great 

expense : and by 1 ‘undisputed, experts. in their professions and with the best and A 

a met expensive equipment would fall far short of accuracy as regards azimuth — 
and, only too frequently, measurement, when compared with the ordinarily 

‘determined azimuths and measurements of the average field engineer, using — j 

The writer’ attention was fest this fact about 1896 on 


rar surveys were closed on the tangent line, cut as a skyline, and not c on the — 
ei actual parallel, which was not marked except by posts set far vet 


s. Interior Gen. Land Office, Denver, Colo. 
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gave a ragged traverse and not . the actual parallel as en. described.in. ae fila 
notes. ¥ The limit of error of azimuth | on most of these major lines, astro-— 
nomically determined, is is given as 2” or a of are, but the fact is that the 
average transit instrument, with 1’ of are as the least count of the verniers, — x. 
9 Be. easily picks ‘up errors of many m minutes on the actual lines as fixed on the 
ound. Mr. “Hodgson mentions . many specific instances of this condition, 
— seattered over a large area. The writer can add to this list materially but, 


his observations have been confined to errors of azimuth ‘measurement, 


Isolated de 
sources of error. Some ci can be guarded and but ‘not ‘all. 
; Even after one of | these isolated positions | has been successfully and accurately — # 


determined, it is not constant. Latitude and longitude change; they : are not 
institutions. The who have been engaged in this work, 


- especially i in the past, were thoroughly conscientious, but their enthusiasm for — a 4 


3 their Specialty. coused to overlook . ¢ certain n weaknesses 


‘interpreters of the final results. ‘This condition | placed ‘the notes or records i in 
an wi unassailable position | and, when the actual corner positions were legally — 7. 
‘accepted, there was really nothing to be done about it. eds grtiditeny rt ti 2 
% As Mr. Hodgson has pointed out, one of the many errors that beset these ee 
isolated astronomical determinations the deflection | of the vertical. This 
has been pointed out by many authorities on the subject. The late John F. | 
‘Hayford, M. Am, Soa. C. E. emphasized this in his admirable treatise 


been disregarded. only way to « eliminate this deflection i is to make 
that a practical and comprehensive system of triangulation should be an = 


every astronomical determination for latitude and longitude; they 
_ belong together and are incomplete, unless united. ts ae. 

e _ With the introduction of such modern appliances as radio there is a a 

practical ‘side to astronomical determinations for longitude. This can be 

be taken on almost any condition of terrain. _ Triangulation is difficult a 
expensive under some conditions, as in the heavily wooded rolling country 


west of the Cascade Mountaine,: in Washington and Oregon, end in, say, the 


closed primary traverses, s, especially in heavily wooded and difficult 
3 Where such valuable property as mineral and oil lands are at stake, these i 6 
q traverses should be reduced to the loxodrome and it is here that the writer’ “ae 
method could be profitably used. A triangulation can only touch occasional — 
“points. of an objective | boundary; where instrumental connections to the a0 
are used, ‘this system can be abandoned and other methods | adopted, such’ 
the back and fore-sight transit line, direct measurement, etc. All these — 


methods introduce their various of error, not in a the 
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known 
carried « out to the extreme nicety, of those in the triangulation network and, lutic 


on the ground as ‘ealeulated: ‘The writer, therefore, thinks that 
“problem of adjusting the great to the rhumb line, as suggested and) 
; detailed in this discussion, is amply accurate for any line actually run mon 
ground and tied into properly adjusted triangulation stations. ‘He heartily 
agrees with Mr. Hodgson i in his discussions 
yy Mr. Faris suggests the relation of the rhumb line to the circle from the 
“ parallel to the meridian and notes that it will not be a plane section of the 
i, ellipsoid except at these points. He, however, states that for the ae 
he - specified i in the p paper the approximation of the circle is sufficient to answer x 
all practical purposes, and the field is justified. This element in the 
problem as to what reception. the principle would receive from Government 
surveying ‘authorities, caused the writer more or less worry. compared) 
og differences but could find nothing except extremely ‘complicated formilad’ 
by. which to make comparisons 3 these were entirely too unwieldy for field Z 
purposes and the differences were so small for the usual jatitudes’ that, as) 
on a far as field work was concerned , they did not exist. Mr. Faris’ well- known | ee 
reputation as a specialist in ‘this particular field confirms the findings. The 
tendency of such men is extreme conservatism, especially on these 
ers: it is gratifying that he has taken the time to solve this problem. He dh 
to be thanked for his contribution ' to this 6 subject by the introduction of figures, 
and tables. The table of offsets (Table 3) is especially valuable 
carried: out as such offsets are to smaller decimal places. tao nad 


Mr Corti’ 8 method of locating a loxodrome by ¢ a series of chords is quite 


the subject. He has simplified the problem 
Bi 3 accuracy that ‘could be identified in the field work and has suggested some 
a a! _ valuable points in in the ‘practical field location; namely, the possible ve verification — 2 
i en, ial of the work by a p a process of checking | the chord against the tangents. nie | 
om i amounts not only to double chaining but checks calculated offsets against — 
oe each other from tangents and chords. Mr. Corti has used 8’ and 10 as * 
Py | differences of longitude in his example and this corresponds closely with ‘that ie 

used in in the example suggested in the ‘Paper. This is amply close, however, to q 
compare the different methods and prove the results. wilt te 
si In a letter dated July 16, 1926, Dr. O. S. Adams, Mathematician, U.. a! 

Coast and Geodetic ‘Survey, called attention to a and suggested that the primes 
omitted from the B, CG, and D factors in the formula quoted from Smith’s 
ee - “Surveying”, stating that these factors are taken out for the latitudes of the” p 
known point and not for the ‘unknown | point. As this book is used as 
textbook ‘in many colleges, this is important and has undoubtedly caused) 
confusion in pr esenting this problem. rads. of ape’ bo 
= SS The writer is greatly indebted to Dr. Adams and wishes to thank him for 
his trouble in ‘going over . His is so well 
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'SWEITZER ON ADJUSTING GREAT LINE TO RHUMB 


gélution is: “sufficiently ac accurate for all practical purposes”. odd 
Mir. ‘Hosmer has brought out: some valuable points and, as he also is i 
recognized authority, his statements will bear weight. Simplicity, lucidity, — 


and accuracy are what the field engineer demands, and tk the elimination un- 


complications. Suatios Cooler, af 
Stripped of unnecessary "detail, the of the method was as 
follows: The writer. first found what angle at the pole would subtend 1 mile 
-at,the Equator, using Clarke’ s value (1866) of the earth’s flattening. This angle 


found to be 0’. 867403. In terms of a ‘railroad curve, this angle was 
stituted for. the angle at ‘the e center; but the angle at the center equals the 
intersection angle and this, in: the present case, will also equal the convergency, — 

which becomes 0/.867403 tan. The 1-mile unit was found to be impracticable 
for field use, as back- -sights become confused by | iagtiod this traverse, and oe 


] deflection angles become too ‘numerous § and small— -less than the least count of ee 4 


the verniers—and_ also are apt to come in draws and ; in places where it was es 
impossible to set up the instrument, _ Therefore, the 6- mile tangent, 
adopted as a unit and ‘the. equation sin @ (5’.20442 tan = inter- 
section angle, 6- mile deals which, for field use, can be written in the form, _ 


: re (2) gives the difference of longitude; 3 Equation (3), the difference 
latitude; and of azimuth. Closer results can 


od? ta (tan dm x 5.20442 d cos pu ait 


using the following ‘tabulation for + d ‘and interpolating for intermediate 


oh 
tnd Latitude, “bi ug bo Latitude. 


ui ais + 00885 
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swEITZER ON ADJUSTING GREAT CIRCLE LINE TO RHUMB LINE: 
The. sii obtained by using the equation for the sphere and applying itto 
example under discussion makes the intersection angle for the 
tan 


angent, , loxodrome N. 47° E., 3’.5494. ‘The general equation for the spheroi 
suggested i in this case, that is, 


NB) sin @ (tan bm X 8.20442 + d cos 6) 
this same angle, 3” 5544, 


‘The circular: curve on the surface of as sphere and spheroid i in terms of 


recent years that simple curves have given way to more involved inl = 
ease off the angles | at ‘the point of curve and point: of tangent. - ‘Different — 
‘ae were used, namely, Hing hicitin the radius at the point of curve and 
point of tangent; making a 2 compound curve; or, more generally, by use of the 


a few thousand feet and affected the eenitva?: oF intersection, angle by only . 
few seconds (a minute o or ‘more at most). When these short radii are com — 
_ pared with the radii of ‘the curves under discussion, thousands of miles long, 
it may be readily seen that the effect of change i in the intersection angle oe 
using the equation for ‘a loxodrome instead of the circle will be e negligible, 
“eapocilly in the latitudes of the United States and Southern Canada. Farther 
north, ‘to about Latitude 70° to 7 75°, by u using the 1-mile tangent, they will a 
approach so close as to practically coincide. he illustration of this or 
substitution of an approximation, which may be said practically to equal a 4 


gia determination, is in the equation for determining the tables in general 


distance from center of instrument to object-glass; 


f= distance from plane of cross-wire to object- -glass. 
is under the assumption’ that the sight along” a “vertical angh” at at the 
: be Bets rod makes a right angle with the rod held vertical. This is not true, 
@ but the angle i is ‘80 nearly : a right angle that | it does not . affect the practical 
and the equation has been adopted as by the profession, has 
- become standardized and rightly so, and is correct. ‘The writer is in complete 
aia with Mr. Hosmer when he suggests that the circular arcs give prac “ 


_ tically the same line on the ground as the loxodrome. “Sa 


“Mr. Hughes’ ‘discussion is interesting, particularly in’ his description of 
“the « evolution of the thumb line. He brings together the Middle Western 
farmer with his fence ] posts and the deep-sea sailor with his mariner’s compass: 
on a wheel-barrow, and so illustrates the ‘mathematical principles involved — 
io “he who runs may read.” He confirms the correctness and practicability 


the formulas. used i in the The is pleased that Mr. Hughes» 
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SWEITZER ON ADJUSTING GREAT CIRCLE LINE TO RHUMB LINE 0st 


“A 


4 joined i in the discussion, especially on account of his experience 
id In all restoration of old and obliterated lines where such lines are = 
boundaries of deeded lands or accepted political sub-divisions, ete, 
fundamental rules have been laid down by the ‘Courts for the guidance of 
alll surveyors and engineers. ustice Cooley, of the Supreme Court of Michigan, ag 

i. thas written some valuable ‘opinions and contributed considerably to the gub- 

by | “it Since those opinions’ were expressed many important cases have been : 


oh mary by all the Courts, ¢ especially the ‘Supreme Court, all along 1 the same 
‘Tine. _ Among the general rules are that fixed monuments hold over course: 
nt ee oa distance and that a properly accepted a nd confirmed surveyed boun died 
ad i is unchangeable. There are many fundamental rules of the same tenor. " a 


he pestoring a lost boundary engineers should follow in the footsteps ‘of. the 


ly te original surveyor. To do this they have his field notes sand plat and, possibly, be 7 
. if the survey is not too old, living witnesses as to what he did and — 
sg he placed his monuments. This is all along the line of evidence and com- 

4 2 _ petent testimony. When this is lacking or incompetent and contradictory, then 

Y | the skill of the engineer or surveyor has to be exercised, but, following pi proper 

e, legal procedure and accepted mathematical and technical practice. There are 
of 4 ‘7 always errors to harmonize, and in . harmonizing these errors the skill of the ae 
ne f engineer is shown. _They are not to be crudely guessed at, but to be : scien- 
le 4 tifically treated, both ma athematically a and le egally. In ‘regard to the original — 

s 5 California surveys mentioned by Mr. Hughes, apparently these are rr 
al in two classes, Spanish grants and cadastral surveys, made by the Government. 

ms Now, as the « case under discussion : relates to transit or great circle lines and the 


Joxodrome or solar needle lines, it ‘is better not to take up extrinsic 


° 
<a 
@ 
ct 
— 
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latitude, and guide meridians follow the ‘proper meridian; then « come the ee 
ordinary correction lines and check of township, town, and range lines, all t= 
following this. same system. | sub- -division of the unit township, the 
‘Section lines correspond to this general system. In the effort to make 
- each section 1 mile square, the loxodromie condition i is recognized by running s) 
_ adjacent north and south “section lines with a bearing corresponding to. the 


decision. First, the major lines—standard parallels—follow the parallel 


of “all lines, major and ‘minor, give the: courses and a 
loxodromiec curve. surveys are throughout facto 


ebia odd? bag to bodiom odd w 
ps Now, as ‘Tegards the larger tracts known as grants, it will be found thet 


or the nethod used in running out these boundaries. The wording 
« ‘some boundaries will call for a line from some peak to another, a great circle, ee 
river or water-shed, being metes and bounds; then it will 
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In retracing or restéring 
these grant lines, these conditions will have to be taken into consideration, — 
‘method used for restoration “must correspond to the wording’ of the 
original record of the grant, the treaty, proclamation, or instrument a 
‘it, and also to the methods used by the engineer or surveyor whose final 
survey has been properly accepted. » here 
ae In Mr. Hughes’ examples, which are hypothetical, so many unknown’com e 
ditions may exist respecting transfers, deeds, methods o of the original survey, 
and the question of the authority by which the survey was made, that it ‘a 
— to give an answer. The example as to the method of running a line in 
Latitude 48° N. a course of N. 47° E., 6 miles, would depend upon what was 
PS intended in the wording of the deed or grant and what the original surveyor 
did. A description of the line would help materially. Was it an air-line 
m0 from peak | to peak of a mountain, or through dense timber and brush? =) 
naz condition would predispose a great circle; the other that | a rhumb line wes 
used, assuming that the deseription in the deed was ambiguous. 
In regard to Mr. Hughes’ query about: a straight line and the p rico 


of ra ranchers for the great circle line, they must remember ‘they are livingona — 
spheroid. This was very well and good before the of Columbus. 
ee the good padres came to ‘California. land was cheap and abundant, owt 
land values. have appreciably increased, especially i in California, and recent 


- investors are more critical about having their land boundaries restored and ‘ 


The second problem suggested by Hughes resolves itself into two parts, 


namely, (1) determining the class of lines required, whether great circles or 
thumb lines ; ‘and (2) ‘determining and adjusting the error of closure. The 
ia first has been discussed herein in the first problem suggested, and the second - 
part, namely, the error adjustment, has many angles. The writer is rather 
partial: to the form of adjustment suggested in the discussion of his paper 
on “Retracement-Resurveys, Court: Decisions and Field Procedure”, by 


Leonard ‘8. Smith, M. Am. 0. for adjustment of traverses. Thit 


are legally and mathematically, local condi- 
should be ‘studied and the history of the ‘case. thoroughly “considered. 

Tn these examples of Mr. Hughes, he may have in mind the adjusting of 

4 triangle: the original was a primary triangulation executed by 
2s adjusted by the method of least squares and the side adjustments applied: 

5 ./ However, as the triangle illustrated in the example is small and apparently not 


connected with a’ triangulation network, the original work would probably % 
5 #36 have been a secondary triangulation, or even of less ‘importance; in this case, is 


; q the angles would have been reduced by taking their mean values es, All this is e 


a * Transactions, Am. Soc. C. E., Vol. LXXV (1912), p, 429. 
“Retracement Resurveys,” by N. B. Sweitzer, 1918. 
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- ih Hughes the main point to bear in sind é is that a reproduction on the ground a 


° e of the actual lines run by the original surveyor or engineer and the re- -estab- 
¥ lishment of all monuments in their original positions are the prime objects. A 


eon many « of these cases suggested have to be passed on by the Courts; and- _ 
4 the Courts see through legal eyes and precedents and not so much by mathe-_ 


aid of the field engineer, The theoretical problems concerning the shape 
the earth and the elaborate formulas evolved for securing terrestrial 

_ measurements: in various latitudes and longitudes have been thoroughly and 
"accurately caleulated by the most eminent specialists in this field. — 2a 


ormulas and are mostly reduced to the geodetic and are 
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Nowadays, engineers. are in retracements and 
of lost or obliterated monuments. As original surveys are fast. nearing 
= it is therefore necessary tc to restore such monuments, as nearly as possi- FE aa 
ble, in their original positions. . This requires taking into consideration the 


used in the original survey. Practically all these original 
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surveys were made with a needle compass, solar instrument, or simple transit, 
- Qn major lines (such as State boundaries), sextants, zenith telescopes, ad 
ate other more refined instruments were used for the latitude and longitude deter- 2 
Practically” all these instruments secured their zenith or 
a by the action of gravity, or the plumb line. This determination, however, i is 
-_astronomic, not geodetic, and is referred to the actual irregular figure of the 
‘a earth at that particular instrumental station. — This, of course, would include @ 
the station error with other errors which, in lit instances, would amount to 
as much as 10” of arc or more, if reduced to the geodetic position. te ba ida ré 
Be It is evident therefore that the more elaborate . formulas, including | reduc 
tion to the geodetic center, would not produce results any closer to the proper 
= final original positions sought than those : suggested by the method of the paper, be 
‘Practically all instrumental field operations incidental to the restoration of 2 
lost monuments or original surveys are limited i in azimuth readings to the least : 
count of the verniers. 1] Modern practical field d experience ha: has generally shown 
this to be 1’ or 30” of a arc. - A more refined instrument than this is too clumsy 
rapid per economic transportation and handling. Therefore, why ft furnish 3 
the field engineer v with equations: and data refined beyond his field execution! % 


tani 


_* highly refined original work more involved equations are appropeiate espe- 
cially in obtaining extremely exact ‘results f for the final _Teports and | notes. 
writer’s shuapler equations could be used for checks on the final results. rs 
If these results varied more than 1” of arc it would be advisable to check the — 


aa 


The writer is grateful for the interest tehen, in this’. discussion and, 


for the expansion and of the ideas in 


age 


by the metho! of and the 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


| Society is ‘responsible for any statement made or expressed 


INTERSTATE WATER PROBLEMS A D : 


THEIR SOLUTION* _ 


Discussion BY Messrs. FRANK C. Emerson, D. C. Henny, 
Yarn A. te C. AND I. Meexer. yore ai 


a The growth | and future prosperity of the arid States rest primarily upon 
the efficient use of the waters of the Western rivers which are. a 
resource, interstate in in character. The use and re-use of these waters from their | 
sources down, is imperative to self-preservation of the States and the welfare ee 
of the Nation. Water consumption in the Western United States has at- 


tain ied that stage of development wherein such uses in one or more States ae 


| 


uently give rise to fear of encroachment > on on the use in ; adjoining» States 


nder such conditions wherein the sovereignty of two or more States or 


‘nations comes in ‘conflict, it is” ‘readily seen that there : may be fruitful ground ms i 


for trouble. The problem’ is one between States equal in powers and with 

£ equal ‘rights of self- preservation, and not one between mere private 1 users 
whose rights are derived from their respective 

The rapid development of rivers for municipal, irrigation, and hydro-el “electric 

_ power purposes has brought : many interesting engineering and legal problems to 

_ the fore during | the past fifteen years. _ None has been more intricate or difficult 
of ‘solution and ‘settlement t than that pertaining to interstate 2 water rights. 
.. Friction between States and nations over ‘the use of interstate or intern 

4 tional rivers n may) easily arise from the fact ‘that. ‘Political divisions generally — 

not conform to river- -basin. ‘boundaries, but across the latter in every 


bie Presented at the meeting of the Irrigation Division, Salt Lake City, Utah, July 9, 1925. a a 


State Engr. of Colorado, Denver, Colo, 
Ome. Engr., Interstate River State of Colorado, D Colo. if 
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“conceivable di direction and overlap on adjacent river Due to ed 


conditions present in practically all major ‘drainage basins, demands are fre 
- quently made on the water supply of one State for use in another State or in 


a another river basin, and hence all phases of water utilization are affected » 
‘ 
such conditions. Not the least of the ‘difficulties | arising over the administra. 
f 


tion of interstate e streams i is that due to 0 differences i in State water laws, oe 
two of which are the same. Each State may may use the waters of its as 


vat = it may see fit save only for extra territorial burdens imposed : First, by internal 
od treaties; ; second, by National control of navigation ; third, by interstate treaties 
or compacts; and, fourth, by decisions of the United States Supreme Court. 

paper will be confined to interstate river problems of the West 

+f United States, although reference will be made to like problems of the East 


~ thik to Stavement 

4 gation 

growth and consequent uses of water. 


a. haracter of these streams. A bel 


r 2; study of the table discloses i in a measure the far-reaching effect which questions — e 


are involved. Many tributaries of the rivers noted in Table 1 and other inde 


a 
i relating to stream control may have where the interests of sovereign nations : 
streams are also interstate in character, of TS 


Naf Colorado, New Mexico, Arizona, Nevada, 
ornia and Mexico. 
‘Columbia 10, .lwyoming, Montana, Idaho, Washington, Oregon, and Canséa 
Montana, Wyoming, North Dakota, South Dakota, and Canada, 
North Platte Colorado, Wyoming, and Nebraska 
Rio Grande .|Colorado, New Mexico, » and Mexico. 


=P ‘ge _- Until the passage | of the Reclamation Act in 1902 irrigation development 


r. Th 


was chiefly intrastate in characte nen came the era of development ‘under s 
Corporate, Carey, Irrigation District, and Federal Reclamation Acts, 
ie more or less ‘silently, its deman s ; on Western rn rivers. As th the ‘colon 


is ization and development of irrigation projects is a gradual : process, there occurs 

a lagging effect in the utilization of water appropriated for such reclamation, — 
‘the cumulative effect of which results in reduced water supply which is ‘some 
‘times not apparent for from ten to fifteen years. It generally happens in 
Western streams ‘that this condition is | only temporary and is largely corrected 
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problems were foreshadowed in the dry.¢ 1902 which, J 
ine some river basins, brought t this subj P 
attention of irrigators, engineers, attorneys, and legislators. preponderance 
of wetter years immediately following, together with reservoir development and 
the healing effect of return flow from irrigated areas, deferred “general. action — 

until recently. _Sinee the dry cycle of 1902, recurring dry years, in some 


instances, , reflected \ wa rt shortage in some e of ‘the smaller } iver basins, nol 


j need of early interstate action. A 

proved or will demonstrate the supposed he chimerical, yet: these 

- are causes which will lead | to conflict and must be adjusted sooner or later. og 
Reference to the Uz S. . Census reports shows the rapid ex expansion of i irriga- 
_ tion during the ‘past twenty years. _ The figures in Table 2 2 have ae 


therefrom and are offered for their comparative value. 


TABLE ‘Dama. Irrigation tHe Unitep Srares.* 


=> 
f 

Hi: volate bolo od} to 219711 


| 


Tables 7, 8, and 15, 8. Census on 


in the 1909-19 decade. The effect of such development, together 
bE with that of the past five years, on water consumption and return flow i is now oe 


3 Geer to be reflected ir in river flow, especially with the recurrence of dry 


er ‘Table 3 indicates the growth by Western river hesins of irrigated areas for 


q the seventeen-year period of 1902 to 1919, and shows | that such areas ‘were in- “are 
“creased from 41 to 211 per cent. 


TABLE 3.—Comparative Dara. Inrication tue Unirep Srares. 


thus 20 ol) ot ved 


1640000 5 41 v's 
_ Arkansas River and tri utaries. sy 
San Joaquin River and tributaries 4 126 ot 
Colorado River and L 
Rio Grande River and tributaries abe ana 
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INTERSTATE WATER PROBLEMS — 


to similar data on the tributaries of the rivers | 
‘Table 8 shows that at in “many instances increase for ‘the 


= _ Reference to Table 2 ‘shows total in 
semi- -arid States trebled between 1902 and 1909, and more than doubled dar. : 
ing the period of 1909 to 1919. Reservoir data by river basins for 1902 are not € Taran 
available for comparative purposes. Table 4 is offered to show ‘roughly ‘the devel 
distribution of reservoirs by river basins. 

oes recent years, prospective and potential irrigation, power, and | municipal 


projects of Western river basins have been outlined more or less by engineer- 


F eine ing surveys and | studies, and from these studies it is quite apparent that future : 

water | development will have to be in large 1 units, will be chiefly interstate in gadis 
character, a1 and will encounter legal and financial difficulties unless interstate wate 
agreements are perfected whereby State titles to river flow are | are settled. ‘state 
a . Cs arid State is immune because State lines do not conform to ‘iver basing, the 
Interstate problems « concerning municipal water supplies, sanitation, , flood con- q 
‘power development, and related matters are not confined to the West 


alone; they also occur on Tivers Eastern n United - 


ace: a iver basin. id Ahareciet. capacity, 1 in 


San River and tributaries. . 


‘9 
830 


Sacramento River and tributaries. 000 
Arkansas River and tributaries. 98 000 
Colorado River and tributaries. . j 676 000 
Independent rivers............. -| 1: 899 000 
‘Missouri River and tributaries. 861 000 


From Table 17, Ss. Census Raport on 1920. 


pre: Tremendous property values depending on the » utilization of 
= mee streams are at stake, and future water development should be freed from the % 
fe of possible conflict which act as a bar to the successful financing of such 
ta enterprises. _ Prior to the development of the Compact Method, the only means 4 
available for the settlement of interstate controversies was through an 


> ii experience | of Colorado in interstate water litigation has not been a 


- enviable o one, although she has never been the aggressor in any such suit. . Dur ae | 
ing the Period from 1903 to 1925, inclusive, » State for ‘the 


joint | 
Arkan 
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to about 
- joint litigation over ms matters. ee a total of $1000 000 has been ex- 

- pended | by Colorado alone in necessary defense. The interstate problem of the 
Arkansas River has been in litigation for more than. twenty ‘years with ‘still 
= final ‘settlement, despite one decision by the vw. S. Supreme Court, and 


three suits in ‘the. U. S. District Court, two of which are still active (1925). 
_ Eleven years elapsed between the date of the inception of, and —— ix, the 
Taramie River case. ‘In addition to the expenditures mentioned, 
4 


tod. .7 Li 


development in Colorado has been retarded in certain areas or indefinitely 


: ‘postponed, because of interstate litigation. . The decisions of the Courts have xg 
unsatisfactory | to both s ides of each litigated case. 


=v! Colorado has been a pioneer on interstate river problems because > of her 
q ghysical location astride the Continental Divide with four r major river systems 


radiating to the - four points of the compass. As previously stated, interstate 
4 water litigation has not furnished a satisfactory solution of Colorado’s inter- ti 

“state river problems. ‘The compact method for settlement of such problems i is 

the outgrowth of a len posted of years of interstate water conflicts, 


alg the present time interstate litigation over ‘Colorado streams has con- _ 
cerned comparatively small water supplies which are relatively over- 


3 yet four States were involved, the streams in question being: 


ant Laramie River, with an average annual flow at 
the Colorado- “Wyoming State line of.......... 200000 acre-ft. 
Republican River, with an average annual flo 


The Arkansas River, with an average annual flow at ase 


Colorado-Kansas State line of about. .... 200 000 


‘The heavy expense and long delays incident to securing decisions in these “a “i 


cases, cou led with the general dissatisfaction with the decisions 
dered, have pointe to the need of constructive treatment of interstate water 


Gorrkg on the larger rivers where the yearly flow approximates millions of 


acre-feet, where present and prospective land and other property values run 


= 


* 
into hundreds of millions of dollars, and where from two to seven States claim — 
joint rights to the natural resource. 


i In many of the Western river basins where the use of water has not attained 


wary 


nditions are still elastic for interstate e adjustments. In si some of the smaller 


interstate river basins the consumption of water has approximated total utiliza- 
2) 


4 mature stage, comprehensive plans for the | greatest use can be made, and 


4 tion, and interstate adjustments, whether by litigation « or mutual agreements, _ 


othe: compact method of treatment of interstate te river. rights was the direct 
outgrowth of the Laramie River interstate water suit between Wyoming and 
Qolorado.. first compact proposal was made i in 1 conjunction with engineer- 
ng 2 and legal studies of the South Platte River problem in 1916-17; later, in » o : 
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INTERSTATE WATER PROBLEMS 


with the La Plata River investigations: during 1919) 
lowed by the Colorado River problems which appeared on the horizon of inter- e conser 
2 should be recalled that as far back” as 1903 both Elwood Mead, M. joint t 
©. and Mr. R. P. Teele, of the U. S. Department of ‘Agricultass 
attention to interstate river problems and discussed the ultimate need A 

agreements between the States concerning the utilization of interstate enn 
waters, Recently, both Herbert Hoover, Hon. M. Am. Soc. 0. and Mr. 

‘Mead have placed the stamp of approval on the interstate water compact Gran 
principle as a desirable means for the ‘settlement of interstate 1 river problems, deple 
It is sto Delph E. Carpenter, Interstate River Commissioner of Colorado, how Cana 
‘.. ever, that the principal credit is due for the working out of the compact idea $4 th 
the application of it to the settlement of controversies: over Western ie 

purpose interstate water compacts i is to settle the title to 
between, among the States claiming ¢ a river as a resource. ] In } tw 
ing compact adjustments, the underlying principles have been to ascertain and 
“Fa define the relative needs and rights as between the ‘States in interest. and to wate 
safeguard future development against unnecessary delays and the unsettled bate 
status title or wasteful and protracted litigation. Sta 
Basis FOR INTERSTATE River Compacts: Treaty Power OF Srares 
7 ots Each State of dhe United States is a sovereign power and may legislate as ite inte 
it. pleases concerning its internal problems, except as such powers were ag Wy 
linquished under the Constitution, With reference to external problems, 
Article I, Section 10, Paragraph 3, of the Constitution of the United psc the 
recognizes compacts | or between States, as follows: “No State shall, 190 
In fact, heretofore, interstate controversies and differences _ _Fespecting 


ndaries, fisheries, 2 and other matters, have been frequently settled by inter- | 


compacts through | the use of the reserved treaty powers of ‘the States. 


4 ‘y= Among the many | boundary disputes thus settled may be ‘mentioned tt those of a pr 
Virginia and Pennsylvania, 1780 Pet., 20); Virginia and 
(3 Dall. 425); Kentucky and Tennessee, 1820 Pet., 207); Virginia 
and Tennessee, 1802, 1856, (148 U. S., 503, 511, 516); and Virginia and Mary- 
land, 1785 (153 U. 155, 162). adjustments of fishery disputes on “ 
4 the Columbia River have been made between Washington Oregon, 
Gg Sas also between Maryland and Virginia i in like matters in respect to the » Potomac — .| * 
a 3 River (153 U. s., 155). . For a full discussion respecting the rights of the ci. 
States to enter into treaties or compacts, with the consent of Congress, see 
Rhode Island vs. Massachusetts (12 Pet., 657, 725-781) ; Virginia vs. Tenner 
€ 


gee. see, (148 U 0.8 i, 503) ; and Wharton U8. s. Wise (15 S., , 155). je 


— 
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of to enter into compacts with each other on all ‘matters not 
delegated to the Federal Government, as independent nations have to — f. by 


review of international river controver rsies ‘discloses that such matters 


are usually settled by treaty (Heffter Droit Ind. Appendix Hall Inter- 
[sation Law, ‘See. 39, 21 Opinion, U. 8. Atty. General, 274, 282). The Rio 
Grande controversy between Mexico ‘and the ‘Tnited States concerning river 
- depletion a and water utilization was settled by ‘treaty in 1906. There i is also _ 


Sth 
4 Canadian treaty of 1909 concerning the ‘present and future use of the waters 


ag gf the Milk and St. Marys Rivers, the former being a large tributary of the Ph 


‘Missouri River. About 1915. an | agreement was made in Australia the 
waters of the Murray River. ~The signatories to that agreement were 
States of New South | W: ales, Victoria, South Australia, and the Commonwealth 


i. An effort has been | under w way for _Several years to settle the controversy — 
between Egypt and The Sudan over the waters of the Nile. -Likew ise, discus- 


sions looking to the adjustment of the problems arising over the use of ‘eo 
waters of the Great Lakes | ‘and the St. Lawrence River are it in active rogress 


ite 


Gory Canada and the ‘United States; and between Mexico and the United 
States over the Rio Grande below Fort Quitman, Texas. 


silt Interstate River Decisions: U. S. Supreme Court 
_ The two important Supreme Court decisions concerning the use of Western 

interstate rivers are those of Kansas versus Colorado (May 13, 1907), and 

Wyoming versus Colorado (June 5, 1922). oft. Salil 

Kansas v versus Colorado This interstate river suit arising over the use 

‘the waters of the Arkansas River, was filed by the State of Kansas in May, A} 

1901. The Kansas suit was predicated on the ‘Doetrine of Riparian Rights. ce 

Colorado, ‘the Doctrine « of Prior Appropriation prevails, The State of 
Colorado contended that constitutional provisions: entitled it to ownership of 


-Teclamation policy, and 1d although contending for the. Doctrine of Prior A 
“priations, ‘Yaised the question of Federal versus ‘State of water sup- 


plies, Th the outstanding points of the Court decision 


affirmed State ownership and control of ‘waters of non-navigable 
perre 2—It defined interstate right to be an equitable division or apportion 


oi ment of he benefits 1 arising through the use of waters in an inter-— mM 


3.—It disn "the petition without the 
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PROBLEMS 
"This: ine. 
state river suit during a a ‘eycle ¢ of flow and Prior to. any 

‘ f r 
devel lopment of reservoirs in the Arkansas Basin. silt 
- Wyoming versus Colorado. —The Laramie River interstate suit was filed by 


the State of Wyoming i in 1911 over a threatened depletion of the Laramie nie River 


AA, 


by a trans-mountain canal system and tunnel. Many. ‘conjectures. have. been 
j pe and several fallacies have obtained concerning the Doctrine of Priority : 
and its application to interstate ri river problems. Perhaps the chief fallacy con- 


cerning this doctrine and its application to interstate streams has 


assumption that administration of river flow should be basin- wide i in character 
¢ beni 


regardless of State lines, and that such administration should be by the Fed. . 


far- famed Laramie River Supreme Court decision of ‘June. 


gt 
been repeatedly cited as sustaining this contention. The Laramie River 


‘most 


‘i junior project op right diversion as 


‘senior | canals in ‘Wyoming, which were ‘compelled to build reservoirs to supply 
deficiency. Nok Federal bailiff was appointed and no 
_ placed in the hands of the Federal Government. The internal administration — 


3 priorities of the Laramie River i in Colorado or: in Wyoming remains undis- 


turbed. No interposition of Colorado p priorities | was plastered upon the Wyom- 
ing priorities, or vice versa. In substance, 43000 acre-ft. per year of the 
an Laramie River water supply was allocated to Colorado, wet and dry years 
1 “alike, if obtainable. | The: remainder of the river flow was allocated to Wyoming, — 
the burden of reservoir regulation placed on n Wyoming users. 4 
‘substance, the ‘Wyoming- Colorado interstate river decision wis ts as 
iter -1—It affirmed the fundamental principle of priority as the proper basis — 
” _ ss for allocating river flow to established uses in each State when 
fact, both States recognize the same doctrine, but re-affirmed the Kan- 
gas-Colorado decision where local laws differ. boul! off 
ae waar 2.—It held untenable the Colorado contention that a State may use all ; 
wi Necmee the water of an interstate stream which originates within its 
—It held untenable the Wyoming contention ‘that “appropriations 
» Bee Laramie River water should be limited to use in the Lamele 
—It declined to pass on the Government contention that all unappro- 
: hae < path. priated water of Western streams belonged to the United States 
and are wholly removed from State control. 
ee —lIt held that the burden of reservoir development is on the lower 
Stas The Doctrine of Priority is an intrastate doctrine, is primarily a rule of 


- local administration, and its application i in a sani ve way to a large river 


as much a8 
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‘Furthermore, the transition from semi-arid to humid 
editions i in a lower State whereby a different rule would apply, would make a 
by Physical conditions and the element of time in river flow are also opposed a 
to operating vast river basins (such as those of the Colorado or North Platte | [3 
River), hundreds of miles in length, with hundreds or, perhaps, one 
of ditches diverting water, according to priority regardless of State lines. 
_ Such vast- river basins would necessarily have to be sectionized and water 
“ administration localized, which State lines do automatically. Another objec- 
tion to the administration of river basins as a whole, according to the Doctrine 
ft of Priority, is that changing conditions and the pressure of need may | modify — 


‘the present method and character of water administration within a State. 
4 Any means of interstate settlement should avoid disturbance of the internal 

The application of the Doctrine of Priority as a principle i in determining — ne 
“interstate apportionment is, however, sound. Such an apportionment was made 
a3 in the Laramie River case between the States of Wyoming | and Colorado where S 

: State priorities we were lumped i in determining each State’s s quota. Definite q quanti- 
y ties per annum were allocated to the upper State, the remainder going to Wyom- bs! ¢ 
ing, the’ lower State. State administration was left intact. No Federal admin- , 
istration was imposed on i the Laramie River, and none is necessary on that or = 

any other interstate ‘iver. _ There has been a growing tendency to demand too 

_ much Federal assistance on interstate relations to the detriment of State auton- 

omy. ‘The theory of Federal administration of interstate rivers is an apt illus- 

“tration of such tendencies. In May, 1925, President Coolidge pointed out the 

fallacy of too much Federal intervention in State affairs and the meedof more 


reference to State or Federal control of interstate ‘streams, in 1903,° 
Mr. Mead commented as follows tudes an, the Le Pata 


- cip ° of local self-government, on which this nation is founded, and the oppor- 
- tunity to exercise self-reliance and self-control, which has done so much for 
_ its manhood in the past, should be taken away from the irrigators of the West 


by the transfer of the local regulation of streams to some centralized bureau.” 
Under the compact method of settlement, State autonomy in water mat- ees 


ters is preserved and intrastate priorities undisturbed as to ‘position. In — 
compact adjustments of river supplies where development and water vu utiliza- 
tion are far advanced, definite State allotments are necessary. In river basins 
_ where water utilization is in its infancy, State allocations can be made more 
- or less elastic to fit changing conditions and the needs of the future. _ pot 


Under the litigation ‘method | of settlement of interstate water disputes, 


“submitted i in an unco-ordinated way, and inadequate attention given to iar 


Tastitutions.” 
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INTERSTATE WATER ‘PROBLEMS 


Under the compact or treaty method of f adjustment, opportunity i is had to 
§ study a river basin as a whole, and from such study to arrive at some amicable 
based on established facts as to total water supply, irrigated an 


irrigable a areas, municipal necessities, reservoir opportunities, power 


‘sources, and facilities for. utilizing them in the most efficient 1 manner, ever bear 
ing in ‘mind that for all time to come Nature has placed a limit on @ common os 
resource far below: the requirements, thereby making it ineumbent on all those 


af each State as determined by climatic conditions, 4 


= would avail themselves of its use to conserve and re-use this resource in 


the most efficient way. A lower State which permits water, the very life-blood rf 
of an upper State, to flow unused through the lower State should not be —. 
3 = & complain of any unfair apportionment of the benefits arising out of the use use 


fad of that stream by the upper State. To hold otherwise would be abhorrent > 
a all the theories of justice, equity, and economics, as well as ‘the fundamental 
on which American irrigation institutions have been founded. 

| Owing to climatic differences and accidents of settlement in a river basin 

- development has frequently occurred first in the lower States. | Development 
on the head-water States is more gradual, and if interstate ri hts are deter- > 
4 mined entirely | by priority rule, the upper State ‘might be largely deprived of | a 


"om be impossible to remedy this evil by the exercise of eminent domain because — 
4 such exercise would be limited by the boundaries of the up upper State and could 

not affect property in the lower ‘States. The upper State i is, therefore, left one 

of two alternatives: First, to prevent development in the lower ‘State; or, 
second, to secure a recognition of i its rights for future development by inter- 


Recent. le legislation by. the States of Wyoming and Utah provides for 

operation with 1 adjacent ‘States in the matter of f acquiring, determining, super 
vising, and regulating water. and. water rights of interstate streams. This 

constructive step destined to have a considerable field of application in the 

es, future. — Oregon has older similar reciprocal legislation concerning the State 
9 line canals, but it is less broad than other features of the Utah Act of 1921. Ws 

eral States and Federal agencies have entered into joint engineering 

studies of all phases of water utilization « of several intrastate and interstate 

Comprehensive reports with recommendations have been made, and 

1 those on | interstate streams will probably be the basis of future water r agree: 
ments between the States affected and the Federal Government. 

; a " Reference is made to the study and report on the Columbia River Basin 

published by the ‘Federal Power ‘Commission in 1923. The States of 


ington, Idaho, and Montana, and several departments of the Federal i 2 


natural resource having its origin principally in its own territory. It would | 


th 
- studie: elative necessities 
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During ‘the winter, of 1924-25, North Dakota’ passed legislative acts 


viding two. interstate. water commissions—the Missouri River Commis- 


:s sion to be composed of. representatives 3 of Montana, South ‘Dakota, and North 
" Dakota, and the Red River t Flood C Commission which provides for participation Prise 


by South Dakota, and North 


Historical, Review OF INTERSTATE ‘River 8 
Jon ovitaletyal vd 10) bobivoiq 10 , 


The of interstate water compacts is to the respective rights 

of the od States to the use of a common river supply. ‘The 

‘compact idea of interstate river ‘apportionment was formulated in 1916 and 


1917 in connection with legal and engineering studies of the ‘South Platte 


River in a ‘controversy ‘then pending between ‘the ‘States ‘of Nebraska and er 
Colorado. The first application of the compact plan o of settlement, however, 
occurred on two other interstate the Colorado River and the 

w 


Ta Plata ‘River. | The necessary State and National legislation providing for oe 

_ interstate river —— ‘was passed in 1921, and the first compacts were 

“Cl drafted in November, 1922, for the Colorado River and the La Plata River, 
at Santa Fé, N. Mex. edt od 


marked ‘contrast occurs on these two interstate river problems. The 


Colorado River water supply’ involves Seven States, 20 000 000 acre-ft. of water 


year, water rights to 3000 000 acres of ‘irrigated land, and large potential 


‘jrrigation and power possibilities. Water utilization is still far from having — =e 


; attained a complete stage of development in the Colorado River Basin, and 


JO} af ms ‘ 
“about 13 000 000 acre-ft. per year passes unused to the Pacific. 


fogs bet 


ong The La Plata River involves two States, 23 000 acres of irrigated land, and 


about 60 000 acre-ft. of water per year, with the direct-flow rights heavily over- “= 
and with storage as s the f final step in. water utilization. 


Six years after ‘the ‘commencement of engineering studies on the lak Plata 


in The Colorado River Compact is still an open problem, although 


five. of the seven States have ratified. unconditionally, and one conditionally. 
_ Considerable progress has been ‘made when it is realized that ; engineering pe 


tudies usually” require two or more years, legislative ratification can only 


occur ‘two- year, intervals, and Congressional ‘ratification ca 


rs 
one for. accomplishment, and the Ta ‘Plata, interstate 


chen volume of water is although the La Plata River  prob- 


Jem required a large amount of study and effort to reach a settlement. The 
th Platte Compact is now awaiting Congressional ratification, 


interstate compact accomplishments may be briefly summarized : as follows 
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River compacts concluded, under negotiation, or 
for by legislative act....... 


Table 5 gives the salient features of rivers and States affected by aun 


“state. rivers ‘discloses many nascent ‘and potential interstate water problems. 


0 A résumé of the foregoing discussion, it is 3 believed, will reveal the a 
pertinent and outstanding facts: 
First—The vast importance of the subject herein discussed as affecting 


relationship between sovereign ‘States, the protection of existing rights i in 
; a ea each: State, and the systematic, necessary, and logical development of the latent 


oF & Th 


on 3 Court of the United States has made a number of well- -defined rulings which 


a have quite definitely established certain limitations to the exercise of State and — 


Federal control of a ‘resource common to two or more States, and which point 


7 the way for future action in interstate matters. _ These may be en :merated as 


(a) State ownership and control of rites ‘of ix non- -navigable streams. 


(b) Equitable e apportionment between States of the benefits ‘arising 


dyagd (c) Recognition of the fundamental principle of priority as a proper 
4 it on basis for allocating river flow to users claiming water from an 
interstate stream when the interested States recognize the | com- 

doctrine of priority of use 
ru Glues _ (d) Holding as untenable the theory that a State may rightfully claim 


the exclusive use of a the waters within the bound- 


a aoe (e) Affirms the principle that the locus of~application of the waters 
of a stream common to two or more States is not limited to the 

ea ey he (f) Among other things the Supreme Court has refused to pass upon the — 
oo li ee contention of the U. S. Government that all the unappropriated — 
ts ge waters of the Western streams belong to the United States and 
are wholly removed from State control, but a previous ruling 


does recognize the States’ control of such waters. 
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puis 


River compacts in Mt 


under negotiation, or provided for by legislative | act. 


Prospective INTERSTATE WATER PROBLEMS = 
review of water utilization and prospective development on other inter. 


Among these may be mentioned the following (Table 6), although there are 


Second. —That with respect to the status of interstate streams, the Supreme _ 


through the use of the waters of an interstate stream. 


im 


resources: of not only the Western United States, but all parts of the Nation | 

such resources are of an interstate character. 
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and Kansas...... Negotiatioas in pro 
Colorado ..... .| Arizona, California, Colorado, Compact concluded. Ratified intact by. all 
Nevada, New Mexico, States except Arizona and California, which 
| and Wyoming........ attached reservations. 
States; rati y Congress; sign i 
ngineering investigations comple ear- 

t Colorad o, Nebraska, and ings held in 1924 in three States ; sective 
rae Mexico and Texas....... } "December 19, 1024, 
Grande .. Colorado, Mexico, and ; |Engineering investigations completed ; near 

}| ‘ings scheduled for 1925. 
Compact concluded ; ratified by both States 
awaits Congressional ratification. 


- 

a: J assed Senate; amended in Assembly with 
ont lo atic: reservations proposed by New Jersey. 
5 Delaware New York, New Jersey, and Nots.—Ratification wy Pennsylvania im- 
Assembly, but failed in Senate. New 
76 Eyouivitos te York: Compact with reservations and 


TABLE 6- Interstate WATER PROMAMAL Sans: , 


James River....... ++ and South Dakota..,.| Flood control and drainag 104 
Big Sioux River............./South Dakota and Iowa Flood control and drainage, 108 


ton, and Oregon -| §_ Basin Project involved. 
-|Colorado and Wyoming...;.| Irrigationuses, 
Arkansas, Kansas, New 
TO Mexico, and Oklahoma... 
Arkansas River. -|Arkansas, Kansas, and Okla- 
ran ver.. 
River..... Kansas, and Okia- Flood control and conservation, — 


.|North and South Dakota. .. waste from about 


4 Columbia River.. -|Montana, Idaho, Washing- and power chiefly. - Columbia 


Flood control and conservation, 


al 
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dl a result of such decisions i is apparent that no State is supreme int mat- 


_ ters s pertaining to » the utilization « of the waters of a stream common to two or 


concerned to share ‘therein. 1 It naturally follows. some ‘means ‘must 
a. or be found for the determination and allocation of the benefits arising under 


such right. As between two nations, such mneans are limited to arbitration 
or As between the States forming the nation, ‘such means are limited 


~ arbitration or to appeals to the U.S. Supreme | Court, resort to force > being ~ 
2 prohibited under. the Constitution. The treaty or compact method would — 


seem ¢ to offer great possibilities and a rational basis for the settlement of inter- — 


if 


BP state disputes, as such method provides ample opportunity for a  dispassiona onate 

a 4 analysis of all conflic eting claims and equities, in an atmosphere of fairness and . 
« in the Tight of all facts. ye Loe opigelt 


e opportunities for the adjustnedt 
= 2 of such disputes, by means, 5, should be resorted to first, and that 
only after every effort has been completely exhausted should either Sta i 
os of ‘appeal to the Court of last resort. It is believed that such procedure js scien- 

—tifielly and economically sound and is certainly conducive to | that sense of 
interstate comity wh hich should prevail between sister ‘States as one of the 


An sion based. on an incomplete presentation of the facts, or a per- 
byt 


hich is likely to occur in any Court proceeding, an 


leaves: the losing» party of the unfairness: of the 
decision, is 


i 
tion. and may ‘permit of considerable variation in interpretation, The latter, 
although supposedly based on the elements of equity, justice, onl ‘common 


fall far shor’ of the objective sought, and the Court interpretation 
of such is frequently susceptible of many shading, — 
As long as conditions which permit of litigation between States are , alone 

34 to exist through failure to provide a more ) rational method for the elimination 4 

of such disputes, expensive litigation resulting i in an unsettled state of affairs: 

will continue as a a clog on future development. - Suits between individuals or .4 
corporations of different States are expensive, both i in time and money, and 

a even when decisive, the results are limited to the parties in action ‘and to the . 

‘particular question before ‘the Court.» ‘Suits between States which must be 


_ brought in the U. S. . Supreme Court usually result in more or less definite 3 


“a determinations, but such decisions : require long periods of time and the expen — 
So: _ diture of large sums of money. Some of of the decisions indicate that the Court 


was more interested in enunciating some prit principle. s applicable to the case 


Et question than in a definite and constructive settlement of the differences at 


On the other hand, under the treaty. method of adjusting interstate con- 05. 
, full play i is given for the application of constructive methods 
: 
ing toa realization of the legitimate aspirations of each p party. Furthermore 
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INTERSTATE WATER PROBLEMS 
a 


f oe a common, ground | has been found, the consummation of a compact between 
States eliminates. all future litigation of the m matters treated, not only between 
- the States, but between the residents thereof as well, x thereby promoting 


Ft "orderly development through the determination of the relative 1 rights to the 


eo of a common resource under conditions to be determined by the owners Ps 


l- 


ee i » Furthermore, a treaty between s sovereign powers is not susceptib jle of a ar 
trary change | or revocation or ‘modification without the consent t of the’ con- 
_ tracting parties, which tends for greater stability as against Court decisions 
which are susceptible 0: of reversal or such modifications as may seem meet and 
the Court. On the other hand, in the drafting | of an interstate 
compact, provision may be made by t the contracting parties for desirable modi- S, 
fication which might appear necessary as ‘time passes, which would ‘provide a vay 


flexible and practical method of administration, compatible with the necessities 


“of an ‘advancing age.” ‘Such c conditions would not ordinarily obtain under the 


inflexible rules and Tiitations which | usually hedge about the administration He 


Not the least of the advantages: to be secured to each State through the | 
use of the the compact method of settling interstate disputes i is the elimination of 
a real menace to State institutions and constitutional guaranties, that of 
 ernmental interference in the allocation and administration of public water "” 
_ supplies. _ The writers know of no theory advanced by proponents of Federal 


fare of irrigation institutions as that of Governmental supervision of the 
. administration or control of public water supplies. If for no other rea reason than ; 


this alone it is highly important that the Western States adopt some method 
for the adjustment of controversies 0 over interstate streams which would elimi-— 


nate the necessity for an appeal to a Federal tribunal with ‘the consequent oe vs 


opportunity for imposing Federal supervision. fk ASSL 
ON INTERSTATE AND INTERNATIONAL WATER PROBLEMS oF THE 
Unrrep. Staves, ARRANGED CHRONOLOGICALLY. ont 


_ Abstract of Laws for Acquiring Titles to Water trom the Missouri River and Its Tributaries. 
Elwood Mead. — (U,, 8. Dept. of Agriculture, Bulletin No. 60, Office of Experiment Sta- 


The Control of Non-Navigable Streams by the National Government. — _ 
: An Informal Discussion by Rudolph Hering, Charles G. Darrach and Francis Collingwood. pee 
(Transactions, Am. Soc. C. B., Vol. XLIX (1902), pp. 14-25.) ‘aay 


A - Fred Bond, State Engr. of Wyoming. (6th Biennial Report, State of Wyoming, pp. 32-36, 
at Irrigation Institutions: A Discussion of the Economic and Legal Questions Created by the Growth 
Irrigated Agriculture in the West. 

Elwood Mead, Chf. of Irrig. Rights, 
pp. 328-348, 372-373; 877-379, 1903 


> 
_ Elwood Mead. (Bulletin No. 157, U. 8. Dept. of Agriculture, 1905.) “ 


‘Treaty Between United States and Mexico Concerning Waters of the Rio Grande. | 
__ (5th Annual Report, U. Reclamation Service, pp. (221-222, 1906.) 
State Engineer and His Relation to Irrigation. 


R. P. Teele. (U. S. _ Dept. of Agriculture, Bulletin ito. 168, Office < ‘of _ Experiment St 


control of the resources of Western States that 1 would be so inimical to the wel- 
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INTERSTATE WATER PROBLEMS 
State Engr. of Colorado. (13t Biennial Report, Colorado, 1905- -06, 
Filings on the Rio Grande Watershed In Colorado, 
T. W. Jaycox, State Engr. of Colorado. (18th Biennial Report, Colorado, 1905-06, p.40.) 
National or State Control of Interstate Streams. 
§. 8. Ashbough. (Proceedings, 14th National Irrig. Congress, pp. 103-106, 1906. a. 
(Proceedings, 18th National Irrig. Congress, pp. 261, 1907. 
Rio Grande Projects, U. S. Reclamation Service, and Rio Grande Interstate Situation. es. on 
State Engr. of Colorado. (14th Biennial Report, Colorado, 1907- 07-08, 
Donald D. Price, State Nebraska. (9th Biennial Report, "Sate of Irrig., 
(International Control,. hy 2196-22 2209 ; Interstate Control, ‘Chapter, 
State and National Water with Detailed of the Oregon of Water Tithe 
‘John H. Lewis. _ (Transactions, Am. Soc. C. E., Vol. LXXVI (1913), »P. 637.) 


Interstate Suits and Other Controversies. = 


= 


John EB. Field, State Engr. of Colorado. (17th Biennial Report, pp. 30-41, 1913-14. 
ma Irrigation in the United States: A Discussion of the Legal, Economic and Financial A 2 
__R. P, Teele, Irrig. Economist. (U. S. Dept. of Agriculture, Legislation Relating to 
Some Principles Reicting to the Administration of Streams. 
T. Johasion. (Transactions, Am. Soc. C. E., Vol. (1915), D. 
Interstate Diversions: Meition of Interstate Compacts. 
A. J. McCune, State Engr. of Colorado. (19th Biennial Report, p. 20, 1917-18.) at 
Elements of Western Water Law, Water Rights on Interstate Streams. JO Yo 98 
Colorado River Waters and League of Southwest Plan bis! Complete Development. _ f | 
R. I. Meeker, Special Deputy State Engr. of Colorado. — (20th epnsues Report, pp. 25-31, 
George S. Knapp, State Irrig. Commr. of Kansas. (Biennial Report, pp. 20, 1919-20.) 


We 


wn Irrigation Water Divided Between United States and Canada: Under International Agreement — 

i Flow of St. Mary and Milk River Systematically Shared by Montana and Provinces.  _— 
ss B. EB. Jones, Hydr. Engr., U. S. Geological Survey. (Engineering News-Record, December 4 


Interstate Water Litigation: Involving Colorado Streams. 
RR. G. Hosea, Deputy State Engr., Colorado. (Reprint from . Official Bulletin, Colorado a 

Soe. of Engrs., January, 1921,16 pp.) vo te Tae 


Controlling Factors of Complete Water Utilization of North Platte River. 
80. I. Meeker. 10th Annual Convention, Nebraska State Irrig. Assoc 


= Water Conflicts and Possible Solution: Complete Utilization by Large Projects for 
Be Irrigation and Power Depends on Engineering and Legal Co-operation of States Involved: as 
- q Possibility of Interstate Compacts. 
if R. I. Meeker. (Engineering News- Record, Vol, 86, January, 1921, pp. 157- 160.) 
Allocation of Water Between Egypt and the Sudan: Minority Report. 
-_ H. G. Cory, Am. Member of the Nile Comm. (Gives principles and cost ada Bir 
(Engineering News-Record, Vol. 86, April 21, 1921, pp. 679-681.) 2wed to 


: = Water Conflicts and Possible Solution: A ‘Discussion by Representative Engineers, 
(Engineering News-Record, Vol. 86, May 5, 1921, pp. 755-759.) 


Granting the Consent of Congress to Certain Compacts and Agreements Between the States a 
_ Arizona, California, Colorado, Nevada, New Mexico, Utah and Wyoming. | 
__—s- (Hearing before the, Committee on the Judiciary, House of Representatives, 6 
| ‘First Session, H. R. 6821, Statement of Delph E. Carpenter, June, 1921. ) * 
‘State Treaty Settlement of Interstate Water Controversies. = 
Fellows. (Engineering News-Record, Vol. 87, p. 94, July 21, 1921. ) ae 
Division of St. Mary and Milk Rivers: Order of Joint Commission ‘Waters 
for Irrigation and Power to the United States and Canada. 7 wht ee 
(Engineering News- Record, December 29, 1921, Vol. 87, 1052-1053. be 


“Interstate Waters, Court Decisions on: Wyoming-Colorado up 
Interest of Prior Use Despite State Lines. __ 
(Engineering News-Record, Vol. 88, p. 1057, ‘June 22, 1922.) hop wit; 
(Engineering News-Record, Vol. 89, pp. 987-88, December 


Navigable Waters in the Water Power Act. | t oft 
News- “Recore, ‘Vol. 89, 985, December 7, 1922) 
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“INTERSTATE WATER PROBLEMS 


am Stat a Biennial Report, Pp. 16-26, 1921-22.) fe: 


‘Interstate Irrigation Controversy. adi “4 ire 


= 


iLO 
8. Knapp, State Irrig. Commr. of ansas. (Biennial Report, pp. 7-8, 22.) 
State of New Mexico. (6th Biennial Be Report, ~22. » 
‘Prank C. Emerson, State ot (16th Biennial Report, pp. 21-50, ) 
* Colorado River Investigations, Stream Gauging Essential to Colorado River Development. 
2 _-W. 8. Norviel, State Water Commr. of Arizona. (2d Biennial Report, pp. 5-7, 61- -6 
Robert “A. Allan, State Engr. of Nevada. (Biennial Report, p. 7, 1921-22. 


bia River Board Report. fair 4 3 Lo 
Federal Power Commission, Washington, D. D. C., 1923. 
R. EB. Caldwell, State Engr. of Utah. (13th Biennial Report, pp. 53-64, 1921-22.) Ay 


(Engineering News-Record, Vol. 91, p. 505, September 27, 1923.) 
q 4 R. I. Meeker, Special Deputy State Engr. of Colorado. 22d Biennial Report, pp. 40- 46, oi 
George S. Knapp, State Irrig. Commr. of (Biennial Report, p. 7, 1923- 24.) 


The Allocation Supplies Derived from the Watershed of Interstate Streams, 
Leonard P. Wood. (Reprint t from Journal, Am. Assoc., Vol. No. 3, May, 
(Engineering News- Record, , Vol. 92, 506, March 20, 1924. sat 
_ Lloyd Garrison, State Engr. of Utah. (14th Biennial Report, p. 27, 1923- 7, 


Pecos River Compact: Rio Grande Compact Commissionn 

Bion James A. French, State Engr. of New Mexico. (6th Biennial Report, pp. 12-18; 1923-24.) 

_ Missouri River Interstate Commission Legislative Act. 
(4th Biennial Report, State Engr. of North -24, 96- Woidw 


Drainage Problem of the Red River Valley. | y cc 


F. Chandler. (4th Biennial Report, State Engr. of North ‘Dakota, pp. 9, 1923- 24.) 


Proposed Missouri River Commission, 
George H. McMahon (Proceedings, 6th Annual Meeting, Montana Irrig. and Drainage © 


F 
Frank C. Emerson, State Engr. of Wyoming. Biennial Report, pp. 17-19, 1923-24. 
Columbia River intedstete aidiezod od bigene 
8. Engr. of Montana. (Proceedings, 6th Annual Meeting, Montana 
(8d Annual Report, Federal Power Comm ®- 10, 1923. ; 
(4th Annual Water Power and Power PP. 3-12, 1924.) 
(Engineering News-Record, Vol. 94, pp. 57-63, 8, 1925.) ) 
_ Tri-State Compact for Utilization of the Delaware River; also Editorial Comment on on ‘piloting 
(Engineering News-Record, Vol. 94, p. 233, February 5, 1925.) 
3 Report of the Engineering Board of Review of the Sanitary District ot Chicago on the Lake- © 
Lowering Controversy, and a Program of Remedial Measures. 
= | (Part II, The Technical Bases of the Recommendation of the Board of Reviews, City of ss a 
4 Engineering Board Reports on Chicago Drainage Canal: Epitomized Statement of Conclusions of 
_ Board of 28 Engineers on Chicago Sewage Disposal by Diversion from Lake Michigan and Its — 
Effect on Lake Levels, Water Power and Navigation. 


(Engineering News-Record, Vol. 94, pp. 22-25, January 1, 1925 at bot 
A Discussion of Certain Colorado River Problems. = lt? 
G. BE, P. Smith. (Bulletin 100, Univ. of Arizona, Coll. of Agrluttre, Agricul 
Experiment Station, February, 1925.)° ¥ 
a =~ as to the Water Resources of the Delaware River Between the Commonwealth of 
Pennsylvania, the State of New Jersey, the State of New York. 
(22 pages; pub. by the State of Pennsylvania.) AIC 
New Mexico-Colorado Water Compact. wralad 


(Ratified by Congress.) (Engineering News-Record, Vol. 94, Pp. 431, March 12, — 
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EMERSON ON INTERSTATE WATER FSOBLEMS 


and watching the waters of interstate streams flow across the borders, of the 
State to” the four points of the compass . To the north the Big Horn ae 
ae into Montana to join the Yellowstone and eventually " the Missouri; to 
the east ‘the North Platte flows into Nebraska also to join ‘the Missouri ; t0 ie” 
west, the Snake River departs into Idaho as a tributary of the Columbia; ‘and is 
os 4 to the south the Green and Little Snake Rivers flow into Utah and Colorado as Ps 
tributaries of the 1 mighty Colorado. This ‘situation provides “Wyoming with 
interstate water problems. of importance. No State. has made greater 
Lee: progress in meeting these problems than Wyoming and the ‘speaker feels 
1} +i assured that the facts given i in this discussion will bear out the assertion. — ‘Ss 
interstate water problems of the arid West were just beginning to 
ae present themselves with force when the speaker assumed the office of ‘Stite 


_ Engineer of Wyoming in 1919. This was due no ) doubt largely ‘to the extremely i 
= 
7 A dry season of 1919 combined with the increasing use of water throughout ‘the 
inter- ‘mountain country. ‘During the -speaker’s six years’ tenure of office the 
_ problems have been coming with ever greater force, and it has been necessary 
to take an active part in attempting to meet them to the best advantage of the 


State. It is hoped this discussion may convey some information. an 


te 


few. thoughts will be given in support of the conclusions of 
_ _Hinderlider and Meeker that the best solutions of interstate water ae Ec 
will be for found amicable “agreements 1 largely expressed through interstate 4 
a compacts. Wyoming has certainly had convincing experiendé that 


: which mean so much to development of this great Western county. 
5 


should be avoided whenever possible in favor of effort to solve questions with 
£ f 20 


other States through conferences and mutual agreements. tt wes 


case respecting the use of water the River was the 
i Supreme Court eleven years before decision was made. With the latter case, 
despite ‘the fact © that time, energ zy, ‘and money were 
litigants | while this case case was running the gauntlet of the Courts, the results : 
could not be. considered to be of material advantage to either Wyoming’ or 
Colorado when the decision finally came. It is true that the priorities 
a on the Laramie River in Wyoming were sustained i in a general way according 
a to the wording of the Court opinion, but in practical: effect the verdict’ i 
ote resulted i in little advantage to Wyoming. bowled 
State Engineer and President ¢ of the State Board of Control, the 


9, 1925, Mr. Emerson as State Bngineor of Wyoming since 1919. 
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4, are generally logical throughout and have decided clearly and definitely sev- 


EMERSON ON | PROBLEMS 
is Wyoming of 1883 priority were forced to go without water although, nde 
fe decree of the Court, the diversion of water into the Laramie-Poudre — 
* unnel in Colorado was allowed, notwithstanding the fact that the el 
cero only the late : priority of 1909 for ‘the right. The Colorado right was. 


being served while water users in Wyoming having rights of twenty- six years 


geniority on paper saw their ‘ditches “bone” dry. Why thi his situation? Simply 

because the Court of last resort in its granted to Colorado rights a 

“certain volume > of water for use each year, -Tegardless of f the seasonal { flow of ry 
Bit 


river. Asa matter of fact, under the conditions that prevail, the situa 


tion is such that the 1909 Tight for the Colorado tunnel diversion could be, 

"never ‘exceed the quota of water allowed this right by the ‘Court, although 


Wyoming rights of more than a quarter of a century seniority will at times be 4 2 T. ‘ 
without water unless | they undertake a large program of reservoir construction. _ 


What was heralded as a victory for ‘Wyoming ‘was indeed an empty one. 


‘delenn though it ‘may be, , Wyoming fought for the establishment of a prin- 
ciple in this case (which in itself only ‘concerned the water supply ofa com- 
paratively emall stream), that would work against the State in relation oo 
practically ev every ry large ‘stream in the State. What was ‘to be gained by 
Wyoming as a State from the logical decision of the Court that no State could: 
use the waters of an interstate stream to the material prejudice of of rights 


of the State flows from Wyoming to States beyond its borders. Again, the 
eminent members of the legal fraternity who presented the case for. Wyoming, Fou 
contended that water could not be legally diverted from one water-shed to aA 

another. The Court wisely decided that the inter-water-shed diversions were Pam 
permissible as long as damage was not inflicted on established rights. — An i’ at 


adverse decision would have been disastrous to a considerable development in ; 


: : Wyoming i in sections where it has been found that conducting water from | one > 


- drainage area to another has resulted in the most valuable use of the water 


The foregoing comment is made on the Laramie River case by reason of the 
- fact that it is probably the most important irrigation | case decided by the U, Ss. 
Supreme Court. In this controversy Wyoming engaged i in legal combat with 
its neighbor, Colorado, and after years of litigation the decision came without 
bringing material gain to either State. The speaker ventures to assert that 
‘representatives of the two States in intelligent conference could have reached 
within two years an agreement that would have been 1 reasonably satisfactory to Z 7 
both Commonwealths. It is not intended to infer r that the decision of the fe 
Court was unfair or poorly founded. To the contrary, the findings of the Court moe 


= 


eral mooted points concerning water-right jurisprudence. It was well in a 


way to have them decided but, at the same time, the particular matters — a 
cerned by this case ase certainly did not warrant the struggle in the Courts. _ ‘ead “ ; 


Other cates interstate water ‘of interest 
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appeal has been made to the Courts for solution of 
right 
"questions, has. proved that litigation is a poor method indeed. In contrast to 
= unfavorable experience when resort has been made to the Courts, is the 


of accomplishment obtained through friendly conference and mutual 


“agreements. Favorable progress toward the solution of interstate 


has been made by Wyoming along what may be considered as three 


2.—By reciprocal sta statutory ‘enactments. end 1 agreements of tl 
is Te aed by the negotiations and men: concerning i interstate streams Gove 
 $—By interstate compact such as as is now negotiation in respect to 
- both the Green and North Platte R Rivers of Wyoming. af Comment will be aswell of R 
North Platte River Co- Operative Investigations—In 1904, the. State of 
| ne _ yoming granted to the United States a permit for the « construction | of the ‘soda 
‘Pathfinder Reservoir and the : storage of more than 1000 000 acre-ft. of water ; ‘tebe 
per annum of the North Platte River. The U. S. Reclamation Service 
* forthwith proceeded to construct a monument of good engineering and by the 7 that 
os} Pathfinder Dam provided for the conservation of the waters of the North bs wali 
Platte. Although this great conservator of water filled a definite need, it eb 
_ proved for many years to be a curse rather than a blessing to the State of byt 
Wyoming which granted the right. With its large investment in the dam the — ‘pits 
United States became much | concerned about the adequacy of the North Rea 
Platte to: supply more than the areas of land lying under the canals constructed 
_ by the Reclamation Service, which were looked to for the return of the cost, : ‘pill 
of the t reservoir, On the supposition, « or the fear, that these lands, lying prin- em. 
somes in Nebraska, needed all the water of the river for their proper irriga x ‘Lal 
p é 
Development o on the North Platte i in Wyoming was effectively 4 Sie 
“for years in any large way | by the ) Pathfinder situation. _ Carey Act segregations i te 
: were refused, desert land entries were . denied, rights of way across Government — “ott 
lands were not granted, and, in other ways, developments which proposed a use % or 
4 of water in yoming from the North Platte River and its tributaries were 


blocked by + the Federal Government. 1 The situation became intolerable until 
= J a in 1918 a co-operative investigation of the ate matter was agreed upon ; 
between the State > of Wyoming and the United States. The field investigations’ 
= were thorough and resulted in what is known as the Conkling-Meeker report, 
Harold Conkling, Am. Soc. . ‘Tepresenting the United States, and 
RL Meeker, M. Am. Soe. C. E.; the State of Wyoming. On 
a preliminary report the Board of Review on North Platte Co-operative Investi- 
ations founded its ‘report carrying the final recommendations and conclusions: 2% 
“concerning the) use and disposition of the waters of the North Platte River. ‘ : 
‘itz, M. Am. Moe. 0. 
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ON INTERSTATE W ‘WATER 
United States, the speaker for the State of Wyoming, and Mr. L. G. Carpenter, 


of Denver, Colo., as the third party. asl 


a The primary finding of the Board 1 was to the effect : that there was ‘sufficient 
water in the Jorth Platte River, when properly conserved, for the reclamation 


of all lands practical of irrigation in Colorado and Wyoming and for addi- 


tional extensive areas in the State of Nebraska. This led to to the further con- en a 


‘clusion that artificial restriction of developments” upper 


Th he report of the Board of Review received the approval of the he Secretary Bau. = 
of the Interior, the ‘Director of the U. S. Reclamation Service, and the — 


Governor of f Wyoming. With its adoption” the against further 


effect. Although ‘not a real the findings of the 
have been respected, and the strain has been removed from the condition that 
existed. ‘By intelligent study and friendly conference this “gentleman’s agree- > 
ment” recorded real ‘accomplishment. Negotiations: ‘are now under way to 
4 form a compact between the States of Colorado, Wyoming, and Nebraska, — We bs ‘Af 
concerning the use of the waters of the North Platte River and ii it is proposed — 2 
that the report of the Board of Review be the basis for the compact. eee. , 
Reciprocal Statutory Enactments and Agreements Between States Con er 


en 


— 


“corning Interstate Streams.—The example afforded by effort along this li line. 


‘by the States of Utah and Wyoming i is ‘noteworthy, and what may be accom- ay 


plished through such a plan, is well illustrated by the present agreements con- a. 
ceerning the use and administration of the waters of interstate streams of inter- a 
est between these two States. In 1921, the Legislature of ‘Wyoming passed a = 
bill Proposing reciprocity with Utah in water- -right matters. After this bill was ee 
“enacted into law by the ‘Wyoming Legislature, the speaker made a trip to —— 
Lake City to work with the State Engineer of Utah in the matter and a 


bill similar to that og Wyoming was prepared and introduced in 


and mutual agreements concerning the waters of the Bear River and 
other interstate streams. For the information of the membership the Wyo- | oe 
ming statute is, as follows: eve OF 4 ‘ 
“Co-Operation with Utan Water Riont Matrers 


That the state engineer is and empowered to 
receive and grant applications to appropriate water from streams in Wyoming aan - f 
_ where such water is to be conveyed and used for beneficial purposes within — ‘ : 
F the state of Utah, and the board of control is hereby authorized and empow- 

ered to issue certificates of appropriation under such permits as may be 

- granted by the state engineer of Wyoming upon certification from the state 

engineer of Utah that the waters appropriated have been put to the beneficial | 

uses set forth in the permits; the state engineer and the board of control of 
W yoming are also authorized and empowered to merit with the stateengi- 

. neer of Utah in the determination, supervision, 


| 
al 
er 
— 
as 
a 
3 
4 “3 
— 
— 
— 
— 


these ends the state board of control of wie: 
with the consent of the governor, may enter into the necessary agreements 
ef with the state engineer of Utah to carry out the purposes of this act, pro- 
vided that such agreements are not in conflict with the provisions of the irri- 
: - gation laws now in force in this state; provided further that such authority 
‘shall not be exercised by the state engineer or board of control until after the 
state of Utah has passed a law granting its state engineer like authority to 
that granted to the state engineer and board of control of Wyoming by y this 


ivanta mn 
“_ into operation. under t the | provisions. thereof. In ‘May, 1925, the speaker 
took a comprehensive trip by automobile with George M. Bacon, M. Am. Soe. 
State Engineer of Utah, over the several interstate. streams between 


se and Wyoming, for the purpose of obtaining information concerning 
a the situation on the ground i in order to work | out forms of agreements between 


the States that would be fair to both. ts Certain definite arrangements were 
- consummated whereby intelligent plesinhiiaatien of the waters of certain 
streams is made possible where before no satisfactory system was in force, 


_ For example, take the situation on the Bear River, an important stream from 


which a large use al water is made both in the State of Utah and. te State 
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ter { 
acreage of land i in State; then back into to supply 
A = for the irrigation of the territory in the vicinity of Cokeville; then into Idaho Hin 
; ia 4 and finally again back into the State of Utah. Many y ditches have their veins | of t 
i: = of diversion of water in one State with the irrigable lands situated in whole § in 1 
_ fA aa ae OF in part in another State, It will be readily seen that interstate problems 
of importance come into such a situation. . Through and under the pr ro- | 
i abee visions of the reciprocal statutory measures between Utah and Wyoming = 
. intelligent and effective administration of the waters of the Bear River be 
tween these two States is being obtained. 


“108 To illustrate what has been. accomplished, consider the authority that has 7 


been g given to Mr. David Dean, Water Commissioner of Wyoming, i in charge “use 
of the regulation and of water from the Bear River in the 
_ Evanston District. In addition to authority over the head-gates located in ff the 

__ Wyoming, Mr. Dean has been given ‘specific authority by the State Engineer | to 

‘of Utah over three certain head-gates which are in Utah, but which irrigate oy tio 
lands situated in Wyoming. These three ditches | cover a large area of Wyo- | 4 ad 

ming lands and have comparatively recent ‘priorities. Heretofore, times 
74 of shortage of water in the river, the Wyoming Water Commissioner has re ga 


a powerless to act, and has been forced to see large diversions of water for the fr m 
rie benefit of these recent rights, while rights of many years seniority in both Ao 
_ Wyoming and Utah have been forced to go without. Asa Water Commis: 

sioner of Wyoming, Mr. Dean had no authority whatever | over the diversions wi 

situated i in Utah. been given the ‘power to Tegulate these diversions, 
he was immediately placed in a positio ve 
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one described. In this instance three certain canals divert water in Wyoming — 


the acreage on which beneficial use is now being made. On other streams of 
interstate nature between Utah and Wyoming agreement has been had whereby 


water commissioners in \ the two § States co-operate with each other in the admin- — 


istration of streams in accordance with priorities established. This co -ordi- = 


dination allows fair and intelligent administration of these streams where — 


formerly no competent system of regulation was operative between the two 


- Thus, in these and other ways, the ‘States of Utah and Wyoming are work- 


together in the solution of vexing interstate 


be fe entitled tor under their priorities, the quantity 0 of <a to be > governed by om 


fe 
best interests of parties involved. Tt is believed that much has beedi and 
‘is being accomplished through these mutual agreements 1 made possible through Ea 
‘reciprocal statutory enactments by Utah and Wyoming. sorted gyre 


. _ Compact or Treaty Between States—To this plan the paper of Messrs. 
Hinderlider and Meeker has been largely devoted and an excellent presentation — : ane 
of the subject has been given. The writer wishes to present certain comment 
in regard to the now fs famous proposed Colorado” River Compact as an out- 
standing | example along the line of’ solution by interstate te compact of in 
Through the Colorado River » agreement was 80 sought between the 


the waters of the Colorado River and tributaries. No other in ‘the 
arid West affects so many States a as the Colorado River. Extensive 
“uses of water, “beyond the important uses now established, “are. proposed. 
Another element of material importance entering into the problem is | that of 
“the necessity of flood- control measures in order to relieve the | ‘menace ¢ of floods — 
to the valleys on the lower river, Conflict of interests between States in rela- 
tion to these and other phases of the Colorado River problem has led to the 
“adoption of the treaty. plan ‘of solution. ‘Without « an .n agreement between States if 
there is little question but that the rivet system would be involved in liti- 
‘gation for years in e event any large additional developments were attempted 
on any section of the: river. By treaty between States, such as would become 
:. effective on the ratification by all the States of the proposed Colorado River 
- Compact, or a modified form of such compact that might be agreed upon, the 
would be clear for an practical developments that may be proposed. 
~The Colorado River question is one that has been discussed at length at ee fs 


various times and at different It 1 may y not be amiss, toveall 
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which exists i in the water 


aie if the problems . of the interstate use and division of the waters of ne 
~ Colorado ate to be properly solved to the best interests of all parties. con 3 
ae cerned. he liberty of the following recita 


~ The Colorado Ri River Basin in the United States ‘naturally divides ‘elt 


two great basins separated by hundreds of miles of deep barren canyon 
cutting through } high and Tough plateaus. The Upper Basin embraces areas 
9 in the four States of Colorado, New Mexi co, Utah , and Wyoming, and these 
States furnish about 85% of the flow of the river. _ Millions | of acres of land : 
are irrigable in the Upper Basin, and possibilities exist for large develop- - 
“ments « of hydro-electric power. _ Throughout th the canyon region separating the 
two basins large power possibilities also exist, although it is impractical to 
divert water in quantities for irrigation. The Lower Basin comprises areas 
chiefly in the States of Arizona, California, and Nevada, supplying only _ 
about it 15% of the water to the river, but.which have extensive Possibilities ia 
the us use of _water for domestic, ‘agricultural, and | power "purpose The agri- 
cultural and economic conditions in the Upper and Lower Basins are re entingly, = 


— J Development of the water supply for ‘the benefit of the Lower Basin 


Green River 1 rising in the mountains of of Wyoming i is one | of 
es important tributaries of the Colorado River. The Little Snake is is also a Wyom- 

tributary. These two streams drain about one-fifth the area of ‘Wyoming, 
and) furnish about 14% of total “flow of the Colorado River System. 
Present irrigation from these streams: in Wyoming covers areas of about 

000 ‘acres. Additional jrrigation possibilities. to the extent 765 000 

cres are estimated. _ There is,’ therefore, a ‘possible total development of 

200 000 acres on. ‘Wyomin g tributaries of Colorado. develop 
i ments of the future will not be rapid, but will be none the Tess desirable as 
become feasible. ‘Wyoming, therefore, has looked with much ‘con cern 


on the proposed large developments on the Lower Colorado River that would et 


tablish priorities to. ‘the use of water from the river that might well cause 


an embargo against future developments i in this ‘State. 2 


its inception as an undertaking at the m meeting of the League of 


a ‘Southwest held in Denver, Colo., during August, 1920, ‘the matter has 
gone far. Through 1 the ‘refusal of of the State. of Arizona to ratify ‘the form: 
of compact agreed to by its representatives on the Colorado | ‘River Commis 
sion, Compact thus. far failed to become operative, although | ratified 
in its original form. by the other six ¢ interested States. | California has appar- 4 
ently t taken a backward step in| the matter recently by attaching a reservation — 
to its ratification of the Compact under the six-States plan, _ when the. ‘Pro- 


by the Legisiatare to make the ‘binding. on the 
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BMERSON: ON INTERSTATE WATER 
‘tates - California, Colorado, Nevada, New Mexico, Utah, and Win 
regardless | of the failure of the State of Arizona to approve i it. O4e8i i 1G Bag 
However, the fact that necessary enabling legislation to allow consider 
- ation of the matter of the Compact was sagen passed by all seven States in the ‘ - 


and of the United ‘States who “the ‘membership of (tha Colo- 
- mado River Commission could unanimously agree on a definite form of com> 
- pact; and that this form of compact should be ratified and approved by the 
Legislatures of six of the seven interested States, is in itself a wind 
- secomplishment, | whether or not the Compact ever becomes operative in fact. : 
Although falling short of the final mark the speaker believes that the terms of of 
; the Compact will be found in the future largely to govern the use and crm of 
a 1 of the waters of the Colorado River and, therefore, that much h indeed has 
| been accomplished by this effort to solve the interstate situation on this great ~ 


Having represented Wyoming on the Colorado River Commission, the ; it 


liedlte naturally is convinced of the merits and fairness of the present proposed _ 2 > 


form of compact. It is possible that certain modifications or amendments might 


be made to meet the objections of the present opponents of the ‘Compact. 
na this may be, it is his firm conviction that some such oan. 


- exist between conflicting interests on the river and seek to learn as’ i 
as possible of the viewpoint of the other fellow and of hie aime end. poms 
bilities, For the purpose of obtaining first-hand information, it was the 
speaker's pleasure | to make a rather comprehensive trip over the Lower Colo- 
tado River when the question of the Compact first came up for consideration. _ 
‘The serious flood | menace to the Imperial Valley and other sections on the 
lower river was made plain; conditions were noted which witnessed the need 


al 


= conservation of water for irrigation, power, industrial, and other oad 


cvs sale date. He wonders whether many of the representatives of the States of 

Lower Basin understand those conditions i in the Upper States 
rant the insistent attitude for preservation of their natural resources that oo aa: 
‘prompts those States to demand an equitable agreement in regard to the use she 

i of water from the Colorado River before their : support can be given to lower- 
_tiver developments. The speaker thinks not and, speaking for Wyoming, LA a 
he wishes to make brief reference to to facts concerning the State. ton 

The average traveler passing through Southern ‘Wyoming over the 


‘Pacific Railroad, on his. journey across” country, would obtain no real con- | 
‘eeption of the resources and possibilities of this great ‘State. To give come 
idea of what may be expected from Wyoming Table 7, compiled from a 
_ from the U. S. Census reports | of 1 1880, 1900, and 1920, is presented to show 
the ; remarkable increase in the agricultural and livestock industries of the 
State, in year beginning with 1880. oF 
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tions i in 1 1880 to. ‘more than $67 000 000 in 1900, and then to the’ — 
_ large total of more than $334 000000 in 1920, demonstrates that Wyoming 
— rapidly growing State in relation to its agricultural development. ‘This 
_ development is largely dependent on the great natural resource of water oe 
= a4 ply. It should not be handicapped by artificial restrictions that t might come : 
from: early development on the Lower Colorado River. or many years, as 
has already been stated, Wyoming was seriously handicapped by the embargo pi 
on the developments from t the North ‘Platte 1 River under the suppo- 
~~ sition. that the water supply of that river was not adequate. to take care of 
: - further extensions of irrigation in Wyoming. It was finally determined tha 4 
a the water supply of the North Platte was sufficient and that the embargo argo pe 


indeed been suffered unnecessarily. No such repetition in relation to the 


on tl uld we 
position whereby aid could be given to ‘all legitimate 
: ment for the benefit of the States i in the Lower a —_— the Colorado River. a 


their own ‘position must 80 remain as long as no 
: is in | force to protect properly the future use of water in the Upper Basin. “Li 


deened: is, therefore, to be sincerely hoped that. amicable: agreement betwee 
5 the States of the Colorado River Basin may finally be reached, whether through — 
the River or a ‘modification of it. 


be 
965 1 366 39 145 871 


hould feel called on 


clusion of the latger political questions on interstate that would hand- 


a ‘icap, if not entirely preclude, any large development of the water resources — 

& the political phases of the matter receive intelligent attention and solu- > 

es tion. It should be as much the duty of engineers to give their attention — 


assistance to the solution of the political questions involved by inter 
as to the Until they take euch attitude 


— 
Bs 
— cme 
— 
confl 
tion 
peut 
grea 
"give 
4 
plic: 
— 
— 
— 
— 
— 
— 
Agation to solve the questions that are und tO arise in the future would Ccer- 
— by 
— 
— 
— i E Vv F Farm Pr P 
7.—Vatuations or Farms anp Farm Property. 
th 
— ob 
— 
take a hearty 
received little attention. Why should engineers devote themselves it 
— 
he 
— 
— 


- HENNY ON INTERSTATE WATER PROBLEMS 
In ‘conclusion,’ the speaker wishes s again to vo voice both hi 
conviction, the, solutions am interstate: water will = 


: tion through interstate agreements, worked out in n harmony through the ane 
_ consideration of all facts and equities involved, means that justice will = y 


“done as far as humanly practicable to. all parties in interest, and with the 


saving possible i in time and expense. as a body should 


te tion take its shee as a leader in the solution of these admittedly come 


the auth favo 
q ‘on'interstate streams as. Court proceedings carries a strong ‘oval. Fe 


: @ Engineers familiar with trials of water cases in the Courts realize fully the ate 
a difficulty inherent in this method of reaching practicable and just = 
and will be the first to admit the desirability of substituting for Court pro- ae 


ceedings some less cumbersome, rigid, time-consuming, a and expensive method 
progress made in recent years with interstate compacts, as recorded 


by the authors, adds force to the argument, whereas on the other. ae the 


States at the head of an interstate stream system hold a strong 
position. As one of such States, Colorado granted and still grants to its 
citizens the right. of diversion and storage limited ed only by prior Tights within» 


o ‘the State. Prior rights i in lower States were not t only disregarded) i in practice a 
hut were e alleged by reason 0: of their position to be legally subsequent. his teh “i 
‘The effect of increased diversions in Colorado on. lower States was not oO 


injurious until, , through irrigation expansion, “zesulted and thus the 


, Courts for redress, which gave rise to t the famous Kansas- Colorado and sl a 


Wyoming- -Colorado cases. Technically, of course, Kansas and Wyoming were 
_ Plaintiffs in these s suits, but it « rom this that Col 

_ was not the real aggressor, as was done by the authors. ‘2, ‘ofan! ia & ae 

_ totaling about $1 000 0¢ 000, was intended to make good its sweeping claims a. 

"hd 

Zz all water arising within its borders, and similar expenditures i in lower States ‘ ae 


were incurred in defense of their prior claims, he, bi, mitt 
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The earlier ‘Kansas-Colorado by | the 

m7 '§. Supreme Court, as the Court found no injury had been suffered up to 

- that time by Kansas and failed to settle respective State rights. It was not 
a until June 5, 1922, that the highest Court gave its verdict on this main = S 
os a _of controversy and decided in favor of the lower State, Wyoming. Pie 
4 This. decision brought about a radical change in the attitude of Colorado. 
es ts When it found that lower States could find effective redress in the’ Courts, it 
began to point out ‘the objections to Court proceedings and to 


cable negotiations and ‘sottlement otherwise called the compat q 


_ a haphazard result of a clash between opposing extreme claims but on : 

primary willing adoption by all sides of the views expressed by the U. 
"Supreme Court, which virtually wipes out State lines in the e consideration — as 
respective water rights, at least as as regards States) with substan antially similar 
water laws and water practice. It should be approached in a mutual — 

es for fairness and in a truly friendly | and co-operative spirit. Pending compact — 


: i negotiations, no effort should be made by either side, directly or indirectly, 


confidence, without which-no re real: reaching a compact 


ao i The idea of central bureau administration is as obnoxious to most West- 


- emners, including the writer, as it is to the authors. The growing tendency 
ae to demand too much Federal assistance is | distinctly injurious to the : much 
i. i, i lauded pioneer spirit of the Western farmers. It is believed, therefore, to be : 


S's $ 


- for the best interests of the West that local control shall prevail as much as 


It should not be ‘inferred ftom this) that decisions of the U. 8. 
Supreme Court do more than declare what the law is. They do not as such 


interfere with local self-government. Resort to the C Courts cannot be logically e 


aS 


objected to as setting up some central bureaucratic 


5 


gl In regard to river control, 10 matter whether rights are settled by the 
ra Court or adjusted by negotiation, it is well 1 to bear in mind that a mere ver 

ae dict, by whomsoever rendered, cannot execute itself, and of necessity will call ce 
for some regional authority to carry: it ‘into effect, especially as against the 4 


“the 
‘States ‘which have the geographical advantage of being at the head of a & 


Actual conditions | of iver flow as affected by from the head, 
and ‘diversion, present t an ever- -changing problem for division of — a 
waters. bs This problem is of sufficient complexity when confined within the 
limits of a . single State, but if extended to an interstate stream | system its 
treatment requires the highest administrative talent. 
_ Additional diversions will affect the stream in a manner which cannot be 
foal |The uy upper State n may claim that benefit through return 
flow late i in the season | will offset i t injury during the earlier part, and this aim 
be denied by Jower States and can only be after the 
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HENNY on INTERSTATE WATER “PROBLEMS 


“event, as it is on n the extent to which drainage is provided and 
other factors only partly known. i bua ot 

ap Actual administrative control, therefore, must be provided i in any case, ; 
ted control will probably be local in character, possibly by boards on which a 
States are represented an administrative officer. What- 


fotiall 
A weakness: i in compact agreements is their depends. 

e the wisdom of ar number of men, » generally appointed by the sempective 

of the States ‘involved. Ih spite “of the fact that appointments 
made in the past may have been of a high order, it is nevertheless conceivable a 

- that the exigencies of local polities may influence future appointments. Iti is, es 
therefore, quite possible, if not probable, that representatives of States will be a aie 
less trained to render impartial decisions | than the judges of the Federal — 
Courts, ‘than whom as to previous training and impartiality no better men 
can be found to deal with difficult problems judiciously. _ Some ) lawyers also Be 
e that the rigidity and circumscription of Court proce 


hearings, are nevertheless the result of experience and their 
method 


Court proceedings. It is believed to be probable that such ‘pro- 
‘ceedings will be lessened. "However, t ‘the States and even Congress have no 


power by’ legislative or other process to interfere with vested rights so long as aA Rey 
Fifth Amendment of the Constitution stands. Claimants in one State 


may have good reason to believe that their interests have not been 

tant in the final compact, even if they have been given full ‘opportunity 

£ to be heard before the ‘Commission. They 1 may be tempted, therefore, ¢ even 
against t great odds, to ‘obtain redress through the Courts. 0 


ad 


2a The compact idea offers the | greatest chance of success where c only a few Me 


_ States are involved. It becomes more cumbersome as the number of inter- — 
or States increases ' because any one State may fail to give th the compact its 
legislative sanction and 1 may make a ‘strong effort” also to prevent Congres- = 
sional approval. 4 This is understood to be the present status of the Colorado i 
River Compact, Arizona being in this instance the e objecting State. af tort 
= by There are cases in which conflict is not merely as between States, but in aay a 
which the United States itself is an interested party. In most Western val 
there are “Indian tribes living on reservations for Ww whom the 
- United States acts as guardian, whose prosperity is in part dependent on water ae b 
2 rights often 1 secured | by treaty. By the very fact of t their legal incompetency : 
e “they n need to > be represented by ‘their guardian and not by State representa- 
“tea: Similarly, there are in every arid State reclamation projects, claiming = Fi 
water through filings made on their behalf by the United States, on which, ss. 
y therefore, should rest in large part the obligations of defense against a. 
such as may unwittingly bec committed by compact commis- 
In ‘addition, there are in ‘almost every State great possibilities 


tine reclamation of public | lands i in which the entire nation has an interest. 
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a The compact idea, therefore, would gain in attractiveness and be less ‘subs : 
1a ject to criticism | and active : opposition if it included in its program a a con: 


=e posite commission on which the Department « of the Interior, by which most a 
_ these’ Federal interests are administered, is directly represented by a “come 


x The authors devote a a few paragraphs to international river patible: and & 
itis refer to various treaties, among others to the treaty of 1906 between 
=. United States and Mexico, dealing with the division between the two nations — 

24 of the water in the Rio Grande above Fort Quitman, Texas xas, 1 Oa LSS a 
This treaty provides for ‘the delivery to Mexico of 60000 acre-ft. per 
annum f from the Elephant Butte Reservoir in New Mexico, built by the 
Reclamation Bureau in connection with its: Rio Grande Project. in New 


Mexico ‘and Texas. supply to the ‘reservoir is ‘seriously threatened 
2 ‘Qontemplated st storage ‘in n Colorado and although the quantity assigned by the 
treaty to Mexico is small in ‘telation to ‘the full ca acity of the reservoir, 
series of dry years, such as has occurred in the past, may sO deplete t e - 
‘reservoir as to render delivery of the stipulated quantity impossible. If this ‘i 
results merely from ‘climatic conditions, the treaty itself holds. the United 


States harmless. but if this condition can be. proved to have been definitel 
aggravated by new diversions above, it is not ‘unlikely that Mexico may re 


and come forward with a large claim of cae as it did prior to the date 


gg Thus, it would seem that in cases of this kind the United States is inter: — 


ested, not ‘merely through its Department of the Interior, but also through t the : 


- some time in the’ future the United States, through the Department of State, PH 
should be called on to take hold of the » situation to make good its interne 
a _. The objections to the compact idea as developed to date, carried out ve 
State Commissioners under the at times, of some United State 


with some well-founded opposition: ats AK 
ae. In order to be e reasonably successful the compact idea should be conodied 
; = = ina spirit of true fairness without any effort to take undue advantage} it 

ae be carried through without permitting any change j in ‘the stetue = 


im it should be handled by a commission on which’ all interests are fairly repre és 
=e * sented and the resultant decisions should be sufficiently elastic to permit the — 


_ authority entrusted with thete execution to deal with the ever-changing = i 


Tt ‘is believed that as to some of these points the 
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C 
events have emphasized the growing importance and the advantages 1 
of the treaty or compact method as a means of solution of interstate river — 
- problems. The Colorado River problem is still an open question, both inter- By 
state and international. Flood control problems of interstate rivers of New 
as Oklahoma, and Texas have been under discussion, and an agree- ae 
ment has been drafted to be ‘submitted to the Legislatures of the three States. 
‘The South Platte River Compact between Nebraska and Colorado has been 
patified by Congress and i is in operation. The Lower Rio Grande situation 
between Mexico and the United States is pressing for solution, and efforts ale 
are being made to entangle this river problem with the international phase “Ry 
of the Colorado River. _ The proposed Colorado River Aqueduct. for Los 
Angeles, Calif. and associated municipalities, has taken definite form. An 
commission is the Snake River a compat or. treaty 
q 


ts Wyoming is looked for shortly, and interstate litigation is threatened 
_ The discussion by Mr. Emerson is a substantial contribution to the ‘sub 
on adc ditional phase of conflicts not 
covered by the writers cow bug ci gaimoyW to 
‘sh General concurrence in the treaty ‘method as a sane means for solving Bs 
“interstate river controversies is "expressed by Mr. Emerson. Wyoming. first 
tried the litigation method of settlement, and, like Colorado, found that a 
method 1 less satisfactory than agreement through friendly negotiations; this, 
too, despite the Laramie River decision of the U. S. Supreme Court, —_ ai 
as improperly referred to by many as completely wiping out State lines and a 
victory decision for the lower State. Unfortunately, this erronéous 
_ interpretation of the decision persists. In other words, some attorneys and 
engineers believe that the Laramie River decision can be applied in blanket 
4 form to interstate streams whereby all waters of a river basin may be admin- aes 
- istered as a unit, thereby resulting in a common administration of all prior- 
- ities 3 from the upper end of such river basin to the lower end, irrempective 
State authority. Until this viewpoint is dispelled, many false assump- 
will be injected into interstate river problems. Those who hold such 
views and look on the Laramie River decision as a panacea for interstate — 
river problems should re-read and study ly the decision with, pad ‘should 
3 In the Wyoming case the Supreme Court did not declare that ny ll 
tions of individuals supersede State lines. When the opinion and 


= are read together and are applied to the facts i in , that case, it is . found ‘that ie 


justice of the fendamentel principles of prior “appropriation in. the distri- 


bution of water of its ‘streams among its citizens, and a controversy arises 


Cons. Interstate River State of Colorado, Denver, —_ 
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to both, the Court, as between th the » States, will apply the same general pr prin- R 


oe (not between individual appropriators in the different States) in such 
: ca a manner as to furnish a reasonably dependable supply of water f for the irri- 
* mh gation of the land already irrigated in each State, and will apportion the 4 
 * surplus between the States for proposed new projects. The Court, however, — 


qualified even this general rule by certain conditions unknown to the law 
ie i of appropriation, namely, that the burden is upon each State to use every 4 


Qa 


BESS 


reasonable | means to e conserve the common water supply and, in a case such aM 


as! the Laramie River, that the entire burden of providitiy te is “placed 
or. upon the lower State; that the water will be allocated to the States in bulk ee 
q for interstate distribution by State officials; and that the State of origin ef 


a 
Gwhere storage facilities are limited) shall be entitled to a preferential right 
: uy “ea annual diversion, irrespective of water supply and irrespective of the fact 
‘ mie that such diversion is by the most junior appropriator of the entire stream 
‘om system, and that such preferential diversions may interfere with the supply i 
of the most senior appropriators, located in the lower State. = pie 
tom One of the writers (Mr. Meeker) was the ‘Hydraulic Engineer for 7 


| 


; ; ‘State of Wyoming in that case, and was surprised to find that by the much 
heralded. decision of “priority regardless. of State lines”, the Court had, 
vf fact, decreed to the Laramie-Poudre Tunnel enterprise an absolute right to 


divert a given quantity of water each year, regardless of river conditions 
and in the face of the fact that, by the opinion, the tunnel enterprise = < 


7 found to be the junior appropriator in both States. apres on 


between, the principles applied i in the case ant in the 
Colorado decision. | In n both cases the Supreme Court equitably apportioned 
a js the waters of the river between the two States in a ‘manner conforming to be 
fundamental principles of justice recognized within each State. 
kono Laramie River conflict was a concrete interstate water problem which 
sf did not contain all the seeds of conflict embraced in interstate issues of 
a larger and longer rivers like the Colorado, North Platte, Rio Grande, and 
other major interstate river controversies. The decision, therefore, will have ; 
x only a limited application ‘to the larger interstate river problems, which, if 
for solution, must, rest on ‘some additional bon of 4 
Me Emerson to ‘pel 
‘imposed by the Federal Government, which resulted in the: intol- 
 -- Pathfinder situation created in the ‘North | Platte Basin in Wyoming yf 


whereby “Carey Act segregations w were e refused, desert land 


rs Considerable : space is devoted by 
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developments which proposed xine of water in Wyoming from the North 

Platte River and its tributaries were blocked by the Federal Government” 
due to the supposition or fear of an inadequate water supply, 

oh The North Platte embargo included also that portion of the North Platte 

~ Basin in Colorado known as “North Park” where the river has its source. e 


development in that area was also effectively withheld for a period 


of twenty years on the erroneous theory of insufficient water supply for Path- rat. 

finder Reservoir ir (capacity, 1070 000 acre-ft.). Applications for rights of 

way for canals and reservoirs (of more than 1000 acre-ft annual use) in 

Colorado over Government land were likewise refused. Construction of 

‘canals and reservoirs in North Park was stopped a and, after 
resulted i in the destruction of the enterprises and total loss to elaim-— 


of the North Platte Basin, Pn Pits studies of water r requirements of irri- ee 
gated and irrigable | lands, consumptive use, return fi flow, drainage 
ery, show that | ‘the North Platte embargo was “imposed without adequate — 
knowledge of the water supply. a The pathetic feature of the whole embargo be 
program, however, is ‘that the action of the Government was illegal | and that 
Piveto development was prevented or destroyed without legal or moral rights. 

wt * parallel case occurred on the Rio Grande in Southern Colorado and 

Northern New ‘Mexico, where a similar interstate river embargo, declared i in es 

1007, was aid against | the construction of reservoirs and canals involving 


the use of water in “excess ‘of 1000 acre-ft. per year, on the erroneous 


that larger ‘projects might interfere with the water supply. of the 
4 Butte Reservoir (capacity, 2 638 000 acre- -ft.), and with the treaty obligation = 


of a mere 60 000 acre-ft. per year tc to Mexico. Rio ‘Grande embargo has 


been just as intolerable to Colorado | as the North Platte embargo was. 
Wyoming, for needed reservoir development was prevented and Projects 


ultimately abandoned. 


Comprehensive engineering studies of water ‘Tequirements con- om 
“sumption of the Rio Grande Basin in “Colorado, New Mexico, and ‘Texas 


(above Fort Quitman, 80 miles below EF] Paso), have also shown that the 
Rio | Grande embargo ¥ was 4 Surely “projects in Colorado cannot ‘ 

be prejudiced in their relations with other lower river peg ll 
“ - effects of an illegal embargo which constituted a cause of delay beyond their — 


North. Platte and Rio Grande embargoes have withheld development 


3 in four States for a » period of twenty ‘years. Although fathered at Washing- . S 


— 
non 
rin- — 
the 
the 
the “4 
lew ae 
ery 
ach 
gin 

ght 

— 
am 

4 
in 
to 
of 
he 
Wee! 

of 
- 
if 
— 
‘és 
Lower Basm States, since — 
-water position of Colorado and Wyoming on the North 


probleme that have confronted those who have pioneered the field of ‘settle: 
"ment of interstate water problems. His suggestions ‘are timely and valuable 
developing the subject-matter on a broad basie) bi 
3 It! so happened that of the many Western States which will ultimately 
‘fans the same problems, Colorado, by reason of her more ‘rapid development, 
was the first to meet assertions of adverse v water claims on behalf of neigh- 
boring States. Colorado was the first to be attacked and the first to be foresd 
to defend. Many have entertained an erroneous view of the issues in both 
the Kansas-Colorado and the Wyoming- Colorado” cases, and particularly the 
of those who formulated the written pleadings i in those ca cases. It 
rule well established that in all litigation each side asserts its most extreme _ 4 
~~ doctrines and brings forward its maximum claims, and those who ‘are proue 
nee to criticize the attitude of Colorado, | as ‘expressed in the | pleadings | in that 
ease, should withhold such criticism until they have acquainted 
: oe with the extreme assertions set forth in the bills of complaint. That is par- 
£ ticularly” true in fairness to one of the States which | brought suit against 
2 and now ‘finds itself ‘confronted with a ‘situation similar, to rat 
occupied by Colorado, and so presents the Lath arguments advanced by Cole. 


Henny does injustice to Color rado and her people 
his ste statement that the decision i in the Wyoming ease caused “i a radical change — 5 
n the attitude o of. Colorado” . and that not until after that decision did Colo- * 
rado begin to § ‘point out the objections. to Court: Proceedings and to advo- 
cate amicable negotiations and ‘settlement. by treaty, otherwise called th 


{ 
compact idea.” There. has been no change in Colorado’s attitude. 


4 
The decision in the ‘Wyoming: case was announced 1 June 5, (1992. The 
interstate treaty method of settlement of interstate water was 


- initiated in 1916; it was advocated and had been in process of develo 
8 since 1911, by one of the attorneys who represented Colorado i in the Wyoming — 
ease, _ The proceedings which 1 resulted in the compact between Colorado and ee 
7s Nebraska concluded April 27, 1923, were commenced i in 1916, ‘ahd were author-— 
ized | by the Legislature of Colorado in 1921, more than a year prior to the 
decision in the Wyoming case. The resolution adopted by representatives 
of the Colorado River States at ‘Denver, Colo., on August 27, 1920, 
the formation of the Colorado River to the Colo- 
5 a rado River Compact, was suggested by Colorado and drawn by the Ci 


=. _ ‘The Colorado Legislature, with the Legislatures of the si six 


the Congress requesting action ‘by Congres for | participation by the United 
States in the conclusion ‘of ‘the interstate compact. The ‘Act of Corignalh: 
3 was approved August 19, 1921, was appointed as Federal a 
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‘jned, had concluded public hearings, en was prepared to reconvene in exec- 
tive and final session prior to the decision in the Wyoming case. _ The Colo- + , 
“tudo and New Mexico Legislatures authorized the La Plata River Commis 


largely that year. "The 1921 Session of the Colorado Legis- 
jature also authorized the appointment of a commissioner for Colorado 


gh- “ join with a similar commissioner for Kansas in the settlement of the pending 
ced SD eestate litigation on the Arkansas River, and authorized a similar com- Pi, 


oth a mission to conclude an interstate compact between Colorado and Wyoming ee 
the “ith respect to the waters of the Laramie River. The settlement of inter- 
8 2 _ state river controversies by interstate compact was considered and ered 
me “a i: the brief filed by the Colorado attorneys in the Wyoming case, ‘and the 
one sé methods of procedure i in such matters had been under discussion since 1912. ‘. 


hat > ® Suggestion of the 1 use of the treaty- -making pov powers of the States, by ec con-- 

ves sent of Congress, in the settlement of controversies respecting 

ar ro was prompted by the early recognition of the futility. of settling ‘such be 4 
nst Matters by litigation, save as. a last resort, and was earlier suggested 


ha Colorado, by reason of the fact that Colorado happened to be the first o f the 
Western “States with which the interstate water issue was drawn. of 
the Western States are in more or less the same position as that occupied — 
_ by Colorado; even by 1920, they were not only, urging the same eonsarml 3 
_ of State sovereignty theretofore advanced b by Colorado, but were recognizing — 
4 the necessi ty of “prompt | and effective ‘measures in the ‘settlement « of title to. 
interstate rivers as a preliminary to ‘further major construction on “which “a 
might be predicated monopolistic claims of “vested Tights”. The injustice 
BS ‘of subjecting ‘rights of States to the judgment of masters s appointed by Fed- 
Courts, wholly or largely uninformed of the. subject matter litigated, 
recommended the ‘theaty “method of settlement and brought about 
4 ‘action resulting i in the conclusion of the Colorado River, La Plata River, and 
“Apparently from hié discussion Mr. Henny the view ‘that 80- 
called ‘ rights” of individuals exist rivers, which rights are 80 


protected b y the Fifth: Amendment to the Constitution that both Congress. 


grain: vo 


‘and the State ‘Legislatures are powerless to provide for the equitable distri- 

bution of the use of the waters of interstate streams between the ‘interested 
“States—in other words, that the rights of a user of water in one State are 
greater’ than the rights of his State or of a neighboring State. The writers — 
te fail to comprehend how the rights of an appropriator in any State ean be 
7% any greater than the rights of his State, the source of his title. ‘The rights 
2 of his State may be limited by the rights of neighboring States, as deter- 
. mined either by interstate compact or by decision of the U. S. Supreme Court | 


id ; ina controversy between the two interested States, and certainly his rights Ai 

d ye bee be defined by the limitations placed on the rights of his State. In ties ; 
| other words, the rights of the State’s grantee—the water user— at all’ times 
al | are subject to whatever limitations may be defined with respect to the relative a 
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1070 AND MEEKER ON INTERSTATE warm 


(the appropriator) can have no greater right than his — has” power to 


convey. To ur urge that a water user has a right greater than that of his State, 

“ie od and derives his title from a source of power foreign to, independent of yond 
et superior to, the jurisdiction of his State, is to: challenge the autonomy of the — 
State and to declare that each of the Western States was not | 


trine that all; water are not the State, but from. the United 
_ States, and that the disposition of the waters of the Western streams, ~i 

ae of -all the streams of all States a ‘admitted to the Union ‘eines the 
adoption of the Constitution, is in the keeping of | Congress and wholly 


Le aa doctrine could an appropriator pretend to claim rights superior to those of 
ee his ‘State, or immune from the terms of any compact to which his State i is 

party and which shall have received the sanction of Congress. The 

pa. hold Mr. Henny’s opinions in too great respect to believe that his sugges: : 
_ tions are. founded ona doctrine s ‘so abhorrent t to, and destructive of, the funda: 


4 ‘mental principles. of the union of equal States of “equal power which 


"i removed from State control | save as permitted by Congress s. Only by this ca 


Suggestion i ‘is made of the need of a Federal representative on a compact 


x. commission to protect treaty rights of the Indians; also concerning the , desir 
ability o of a representative from the Department of the Interior to “protect 
inchoate water rights of Federal Reclamation projects. 


Mr. Henny seems to overlook the fact that the negotiations involve the Sa 


of -sovereignties and are similar to international proceedings. The 
4 protection and safeguarding of such water rights are properly focused t rough 
the Federal. rep resentative who may have as many assistants ¢ and advisers a8 
* he desizes, In negotiations s of the Colorado River Compact the Federal Com: 
missioner was not a representative of any Federal | Bureau, b but was a Presi- 
dential appointee selected for that specific task. and was assisted by special 
‘counsel and engineers for the United States representing the Government 
projects, Indian obligations, international relations, navigation, and 
interest the Government may ‘daim under the Constitution. 
= In interstate treaty respecting the use of the waters in interstate 
Best rivers, the duties imposed on the tiv ver by internation tional treaties, ‘Tights: of of 
-e i control of navigation, and other rights in the stream m predicated on ‘the. sur- “@ 
vender of powers by 1 the States to the, F ederal | Government, must be respected — 
representation on the as well as as by the action 
38 of Congress in approving the interstate compact. - However, these rights are a 
hy: different Fe: level executive branches. International rights 
are represented by the Department of State; rights of navigation by the 
: jee War; and Indian rights. by the Department of the Interior. 
National reclamation, which by the terms of the Reclamation Act, as well: 
od as by the debates of Congress prior to the adoption of that “Act, is at best x 
, 4 but Federal aid of f State development, and in which under the Act all pro 


; a must be i in n accordance with the a of the States where the projects 
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the Interior. of these of Federal interest may bet 
ferred from one Department to another by mere Act of Congress, and wisy 


be ) changed about from time to time and as frequently as Congress may hie: 


- It would | appear that while it is advisable that a Federal | representative — 
participate in the work of any 1y interstate river commission, such } representative | 
should not be from any one Department, or sub -branch, but. should be one spe- ie “ 

cially advised on ‘the problems involved, “representing ‘the United ‘States 


appointment, and ‘not merely some executive branch of Federal 


"uppermost in the minds of the 4 American public, it probably will be over- a . | 
‘ ~ shadowed shortly by the development of electrical energy which is in charge « of i 

a separate Executive Department under the control of the Secretaries of 

War, Agriculture, ‘and the Interior, while the Forestry Department, + 
- tolling the greater part of the National public lands, is a branch of the De- oo 

of Agriculture. It would app appear that the promotion “of interstate 
a and comity is of sufficient importance and dignity to justify the appoint- r a y 
ment: of a special representative by the United States to 
deliberations of each interstate commission where interests 
in each 
dependent in afte: own is hardly sufficient that a 


of — Bureau, or the substitute of some Executive Department, be “handy st, 


It has been suggested ‘that some regional authority is “oa an 
inn et may 

interstate river to execute either a Court decision or a compact. This m 

Fieogh desirable for some of the larger unsolved interstate river problems, we 

js not always necessary. No regional authority was designated in the Laramie — “in ¥ 

_ River decision by the U. S. Supreme Court and none is required. The State 


4 Engineers of Colorado and Wyoming designated as the administrative author- 


ities in control of State waters, naturally have charge of the execution of 
the Court decisions pertaining to water. In the La Plata and South Pinte 
_ Compacts provisions are made for the State Engineers jointly to supervise oe 
and administer the compact ‘obligations. “The Colorado River Compact 
wise provides for some administration ‘supervision by the respective State 
Engineers, the Director of the U.S. . Reclamation Service, and the Director 
© ti Concerning the statement that the compact method will not eliminate 
Court” proceedings but n may only lessen litigation—while isolated eases” > 
- oceur which have to follow the legal route of solution, the writers believe ie 


compact or treaty solutions will generally dnd’ practically climinate 


iy criticism lids dee offered to the effect that the compact method is 


cumbersome where six or seven States are involved on an interstate river. Tis 
4 This is more true of litigation, for litigation compounds its delays and costs _ 
directly” in proportion to the number of States involved. i eleven years B. 


Fequired for a Court decision in a ‘two-State ‘ispate, how many years “would | 
as 


—— 
INDERLIDER AND MEEKER ON INTERS ni 3a 
‘ate, 
— 
doc- 
ited 
nd, 
olly 
of 
is 
* 
act = 
he 
igh 
— 
— 
nt - 
1er 
ite 5, 
of 
on 
re 
its 
et 


072 AND MEEKER ON INTERSTATE WATER PROBLEMS 


likely be required to litigate a six or seven-State river dispute: with 
ederal Reclamation projects and a foreign nation involved? 


M 


Ar. r. Henny refers t to the Rio Grande international situation concerning 
the Primi with Mexico and the yearly obligation of 60 000 acre-ft., and - 


as follows: ni st ofitiw rod) ee 


grite “The supply of the reservoir [Elephant Butte] is seriously pe 
by contemplated storage in Colorado, and although the quantity assigned by 
. treaty with Mexico is small in relation to the full capacity of the reservoir, 
i series of dry years, such as has occurred in the past, may so deplete the 
‘reservoir as to render delivery of the stipulated | 


The writers believe the latter. view scarcely probable ‘and impossible of 
be substantiation. The international obligation is less than 3% of the average — 
| - emnnal water production ‘of the Rio Grande Basin above El Paso, and less 
i. ae ‘than 8% of the average yearly flow of the Rio Grande originating in New . 
above San Marcial at the head of the "Elephant Butte Reservoir. 
‘The Elephant Butte Reservoir, with a capacity of 2600000 acre-ft., is “the 
largest reservoir in the United ‘States, and the capacity is two and one-half 
times the average yearly flow at San Marcial. _ However, it is a well-known — 
ae fact that the mere seepage and return waters from irrigation of lands between 
lephant Butte and El Paso are far more than: adequate: to insure delivery 
‘eheveiae under the International Treaty with Mexico, irrespective | of drought — 
on the head-waters of the Rio Grande. It appears that, in the effort to make 
water supply for the Elephant: Butte doubly secure, at the | expense | 
reclamation in the upper “States, the insignificant quantity guaran- 
teed Mexico 1 under the International ‘Treaty has been. overworked until the 
situation is much like the proverbial tail wagging: the “dog. Going a. step 


_ farther, the water supply of the Elephant Butte Reservoir is not ‘ia 


$e "threatened by the proposed projects on the e Middle Rio Grande, Valley. at 
: yk 2 Albuquerque, on a the Puerco, on | the Santa Cruz near Espanola (all, in New 
Mexico), or by the proposed reservoir construction on the head- -waters. 
Colorado. Practically all these. proposed developments : are | to aid lands now 
irrigated, or to make possible the drainage of lands now water- logged and 
wasting large quantities of water through evaporation. ., Such lands were 
irrigated before the Elephant Butte Reservoir Wan, Drainage 
: ao, recovery of water now wasted by evaporation will be equivalent to an increased 
ren The upper river structures in both New Mexico and Colorado. will pa 
drainage of the upper irrigated areas, will ‘regulate 1 river flows, will furnish 


_ clear water to the Middle Basin, and will assist in ‘decreasing the silt eye 
5 et with which the Elephant Butte Reservoir is confronted, namely, about 20000 


2 


a hen considering interstate river problems, engineers have been prone to 
7 overlook certain f fundamental jurisdictional phases. Among these are: Test 
i the question ar ises between States, possessing all ‘the sovereignty of inde 
= pendent nations, except for those powers and that limited jurisdiction surren- — 


dered by each the ‘United States; that: of 
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are an over the territory of another State, without it its consent; that such * 
“claims are abhorrent to principles of international law; that a assertions 1s of d 
right are made which, if sustained, would destroy the equality of the States 
and the autonomy of one State for the exclusive benefit of an another State bf: 
(or its citizens) without the consent of the former and without compensation — 
for t the property taken; that \ water is necessary to the life and preservation : 
FF of each of the arid States, and the right to its use must be p protected i in yi 
 tifiable self-defense; that the injection of principles of Federal control or 
with State ‘streams under assumption. of powers not gra anted 
the Constitution or - predicated 01 on ‘theories ealling for conclusions contrary to 
the intent of the Constitution, whether prompted by motives of temporary 
expedie r desire to over-ride State jurisdiction, only tend to destroy inter- 
- state comity and to bring the States to a position of sesistemees that all doc- 
_trines of water law are, after all, but rules of local administration by which — 
| sovereign— —the State—regulates the use of its natural resources among ng its 
nationals, and are not applicable to interstate problems because of lack of 


jurisdiction to create machinery to ‘enforce such rules o of administration; 


and that to attempt to effect such administration would be wholly to super- — 
sede all State authority « over a resource which is essential to ‘the preservation 


the State and which must ev ever remain subject to ‘local . eminent domain 
in order that the State may re-adjust the use of its life-giving fluid to the iam 


ever- changing necessities of its people. piles 
When these many other are considered in their true light, 


5 6 = 


= ‘States, the. whole ‘subject is out of the plane of ordinary local 


and thought, | and must be approached from a much | broader standpoint than the 
4 mere protection of selfish individual property rights within a State. pe Eas 
the interstate compact method seeks. to accomplish by bringing about con- 
tractual relations between ‘sovereignties with full realization of the sanctity 
treaties, and the: necessity of t their fulfillment without the interposition, of 


these rights | by the e contracting seer 
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AMERICAN SOCIETY OF ( CIVIL ENGINEERS 


This Society is not for any statement made or opinion expressed 
n its publications. 


DETERMINATION OF ‘THE DUTY OF 
ATER IN WAT 


Discussiox By Messrs. E. A. Porter anp Liovp GARRISON 


This report discusses fe features of water of to engi- 
ia neers, _ The principles on which the duty of water is defined as indicated by — 
a4 oi Court ‘decisions are analyzed. The character of evidence likely to be most 

r ee assisting the adjudicating agencies in such determinations is dis- 

z cussed, Illustrations of results and practices in existing decrees are included. 
are made as to desirable practices in such determinations. 

Determination or THE Duty or Water IN Warter-Richt ADJUDICATIONS 


e adjudication of a water right for irrigation acquired by appropriation — 
adhe the determination of tk the priority ‘ of the right, the place of use, and 
the quantity or extent of the e right. Priority and place of use are mainly — Hi 
_ questions of ie and although important are outside the immediate interest 
n, The determination of the quantity of water represented by 
the right, rm bis of diversion which may be found to represent beneficial use, a 
4 or the duty of water as it is frequently called, is a matter in which engineers if 


participating in such adjudications are directly concerned. 


Under the various and judicial procedures now in use in an 


* This report represents a part of the results of the work undertaken by the Duty of 
Water Committee of the Irrigation Division. It was presented, in somewhat condensed form. 
by the Chairman of the Committee, 8S. T. Harding, M. Am. Soc. C. E., at the it " ae 

‘ss Irrigation Division at Salt Lake City, Utah, —_ 9, 1925. 
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ADJUDICATIONS 
as the State Engineer; ; by the either 
State or Federal; or by a : combination o of State officers and Courts. Engineers — ; 
come into contact with such determinations both from the point of view of . 
those engaged in the conduct of the proceedings in those States” where ‘the 
determinations may be wholly or partly in the hands of the engineering offi- 
_ cers of the State, or as representatives of individual claimants in all formsof 
determinations. All engineers having to do with irrigation development or ae a 
, operation are concerned in the basis of the procedure which may be followed 7G ie 
and the effectiveness of the results which may be obtained, as these results 
determine the ability of all canals concerned to secure the water supply neces- 
sary for their successful operation with a minimum of controversy and uncer- 
tainty. _ Engineers are also interested directly i in the procedure for the: deter- 
: mination of the extent of the rights, as it is on this question that - they may 
‘most often be asked to present evidence. 
The: quantity of water which may represent a reasonable standard of bene- 
ficial use is a question of opinion rather than of law. The character of evi- Py, 
dence which may influence such determin ations, the standards of practice i 
be followed, and the terms and form of the resulting decree are all matters of e. 


duty- of- -water domsutnailide: ‘Tti is based on the results of an inquiry in which ie 
data were secured on the decrees now in effect on about thirty- five streams 
and also on a study of Court decisions in an effort to secure information on 
the principles followed by the Courts. Opinions were ‘sought 


responsible for the administration of present decrees on the ¢ experience secu 
from their operation. The Committee under grateful obligation to 


There are different standards that may be define the extent 


Claims ‘in Original Notice or in ‘Applications: — Appropriation n rights om 
c initiated in the earlier © periods of development of the Western States by " 
oo a notice of the sppropriators’ intention at the point of diversion and | cS 
_ Tecording the notice in some county office, This has been changed in most 
‘States so that a formal sipplicatton must be made to some State officer who has” eee 


varying amount of jurisdiction over the application during the period 4 


< completion. . Wyoming ‘adopted | a centralized system of application | in 
1890 and all the remaining States in which irrigation is of importance have 
a adopted similar systems except Montana, which still | follows ¢ the former 4 


method. The claims to water er Tights ofa great many systems now in use were a 
a initiated by the posting of such notice of intention, = | 


Such notices were ) required to include a statement of ‘the quantity of of water 


there no limitations on the extent of such Claims, it was 
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10% ATER-RIGHT ADJUDICA TIONS 
} “natural that the appropriators should state a quantity amply liberal to cover 
ily any probable 1 needs. _ This practice is so well recognized that little. weight 

would ordinarily be ‘given to the quantity, claimed in the notice The 
notices are useful as evidence of the date of initiation, of the general 

i character of the works contemplated, and of the location of the point of ae 


4 Works. —The « ‘the constructed 
_ works is a more definite guide to the quantity required than the claim in the 
notice as it represents t the extent ‘to which the appropriator: was” willing to 
incur costs prov iding for his needs, However, as many ‘early. diversions 
were constructed with less definite understanding of the carrying capacities of if 
ean the water requirements of lands than is available at present, the 
 earrying capacity will not be accepted as controlling against evidence 
of the actual requirements. Ii If other standards result in a larger use than the a 
— of the works, the cap capacity. will, ‘usually define the limit | of the Tight. 
(Conrow v, Huffine, 138 Pac. 1094 (Montana, 1914); Nichols v. Hufford, 133 
ee Pac. 1084 (Wyoming, 1913); Felsenthal v. Warring, 180 Pac. 67 (California, — 
1919); Northern California Power Co. Flood, 199 Pae. 315 (California, 
1921); Hough v, Porter, 98 Pac. 1085 (Oregon, -1909).) 
(8). —Requirements of Lands _Served—The requirements of ‘the lands 
2 ‘served represent the usual present-standard by which an appropriation right 
se for irrigation is defined. There is room for much difference of f opinion in 
4 regard to the character of practice that should be used in defining | ‘sucht require 
e. ments and also in expressing any standard in numerical terms for any me 
diversion. Among the standards: which may be used are the following: (1) 
Rates of use specified by State statutes; (2) earlier local or individual prac- — 
‘ ie and (3) present prac tic e. The terms used are necessarily general. _ sno a 
ie Statutory L imiti ations. s.—Several States have statutes specifying the maxi- a 
mum rate ‘of us use which will be. considered beneficial. ‘Wyoming was ‘the first 
aoe “State to adopt such a provision, diversions being limited to not to exceed ae 
_ ft. for each 70 acres irrigated. Other States have similar statutes with the 
rates varying: from to 100 acres served per second-foot diverted. 


similar result is by the of the State office heving. super 


. ie _... These provisions are an expression of legislative opinion regarding the rates we 

a of use which, in general, would be beneficial. They do not prevent a claimant — 

from receiving larger quantities if he can present proof of a need for such 
> larger use, and there are a number of cases in which quantities. in excess s of j 
such statutory limitations have been allowed. In fixing a rate of use to apply 

ga State a as a whole, the Legislature would naturally select one sufficiently 
i: liberal to cover all usual conditions. This rate would exceed the quantity. 
a needed under more favorable conditions and a smaller rate of use would ibe 
‘justified i in such cases. (Joyce v. v. Rubin, 130 Pac. 793 (Idaho, 1913); Conrow 


v. Hufline, 138. 1094 (Montana, 1914); Nichols v. Hufford,, 133, Pac. 
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Earlier Local or Individual Practice. —To use past ; practice as the 


recognized that in the earlier periods of development dei use se of - oatle nn 


economical than in later periods . Although such « excessive use may have << 
in such earlier periods, the Courts | do not consider themselves bound 

to define the rights on the basis of past use where wastefulness can be shown. = 

This principle appears to be generally accepted by the Courts although there 


may be much difference of opinion in individual cases as to what constitutes a a P 


"sufficient showing of wasteful u se to ) justify a decree Jess than former diver- 


sions. The lay and expert views on waste frequently differ. 


> It appears to be equally accepted that each claimant is entitled to have 
ee ts right defined on the basis of the reasonable needs for the character of = 
= practice under which the — was acquired, provided such practice is within a j 


4 


4 the limits of beneficial use. An appropriator irrigating wild hay may be 
limited to a proper use for such a crop, but will not be limited to the quantities aad 


required for other crops of less requirements because other claimants are 
Cases supporting ‘these conclusions are, follows: Hufford v. Dye, 


he 400 (California, 1912); Calif. Pastoral & Agricultural Co. v. Madera 
Canal & Irrigation | Co., 138 Pae. 718 (California, 1914); Thio on Colonizatio 


Co. v. Madera Canal & Irrigation Co., 178 Pae. 957 (California, 1919) ; Felsen- 


Oo. “Lemoore Canal & Irrigation Co., 188. Pac, (California, 1919) 

Northern California Power Oo. Flood, 199. ‘Pac. 315 (California, 1921) 

Oliver 1 v. Robnett, 210 Pac, 408 (California, 1929); Farmers. ‘Co-operative 

Co. . Riverside Irrigation District, 102 Pac. 481 (Idaho 1909); ‘Wash- 4 
4 


thal Warring, 180 Pac. 67 (California, 1919) ; ‘Canal & 


ington State Sugar Co. v. Goodrich, 147 Pac. 1073 (Idaho, 1915); Conrow v 
Elfin, 138 Pac. 1094 (Montana, 1914); Rodgers v. Pitt, 89 Fed. 420 CHevada, 
Hough v. Porter, 98 Pac. 1085 (Oregon, 1909) ; Little Walla Irrigation 


Pac. 
v, ‘207 Fed. 524 (Washington, 1913) 

v. Hufford, , 133 Pac. 1084 (Wyoming, 1913). ear ¥ 

P resent Practice. —Many decisions: contain such phrases as “an amount 


. actually necessary for his use”; “ a sufficient amount of water to irrigate the te 


land in a ‘proper manner”; “the highest and greatest possible duty from the 
-(paders of the State” ; “the largest duty and the greatest use”; “the ¢ amount a 
_ actually necessary”; “the i inquiry was therefore not what he had used, but how eaeY 
much was actually necessary’ “we can require. them only to. use the water 
. economically and reduce the quantity to a minimum by reasonable and cheap a 
methods according to their situation and condition”; and, “reference should 


4 3 always be had to lands that have | been emeorrms and reduced to a reasonably a 


 Itis difficult to express in definite terms the standard o of 
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-RIGHT ADJUDICATIONS 
be termed present local 
7 a factor of greatest influence. This does not mean that each canal will be 
a decreed a quantity based entirely on its present practice, but that considering 
wt xa all canals concerned the adjudicating bodies are unwilling to fix the decrees on : 
any basis that will require material changes in present methods. Bec : 
.- in use by different ditches serving similar areas are shown, - those 


using larger quantities: may be limited to the quantities used by others. 

Actual practice on each canal may be guiding unless evidence can be a 
sented which demonstrates that better results are being 

‘ oes voluntarily on some canals within the area. The standards of practice used in| 
ae decrees are usually more liberal in the quantities allowed than would . 
required i in order to make the. canal systems feasible. ‘A new project in the 
game area may be feasible with a water supply smaller than that to which oth a 


may limit the older canals. ‘Users under new canals may be willing to 


which data have been obtained no instance was found in which such decrees are 
ats based on a higher standard than would be regarded as reasonable for present — 
local practice. The decrees appear to follow rather r than to lead in ‘improve: 


ments in irrigation practice and the quantities decreed appear to have been 


under of more liberal supply and use. Of the decrees 


4 reduced from those ‘Previously used only where strong proof could. be s . 2 

) 
mitted to show that many irrigators have adopted such improvements volun- | 
 tarily and that the resulting practice has come to represent a sealer’ = 
a standard for all users. This position on the part ¢ of the determining bodies is : 

a natural one as the burden of proof of the reasonableness of any reduction in > 
Bg practice should rest on those who would benefit by such reduction. The a 
a effort to ‘secure a higher standard of ' practice | is usually made by the later 
priorities who would benefit by such a standard. 
Among decisions including such principles are the following: State of ae 
a Colorado v. State ‘of Wyoming, 42 Sup. Ct. 552; ‘Union Colonization Co. 0 a 


‘Madera Canal & Trrigation Co., 178 Pac. 957 Farmer 


Twin Falls River’ Land & ‘Water Co. 245 (Idaho, 1017); 
‘Muir ». Allison, 191 Pac. 206 (Idaho, 1920); Conrow v. Huffine, 138 Pace. : 
1004 (Montana, 1914); Rodgers v. Pitt, 129 Fed. 932 (Nevada, 1904) ; Head : 
v. Porter, 98 Pac. 1085 (Oregon, 1909); Little Walla Trrigation Union ». ‘Finis > 
_ Trrigation Co., 124 Pac. 666 (Oregon, 1912); in re Willow Creek. 144 Pae. 505 
(reson, 1914); Salt Lake City ». Gardner, 114 Pac. 147 (Utah, 1911); and 4 
‘U.S. », Bennett, 207 Fed. 594 (Washington, 1913). 
‘more | important “factors ‘affecting the duty of water are the soil, 
aracter of crops, climate, preparation of land, cost | of water, and the kil 
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attention Used DY Se actually applying the water, Ut these, climate ana 


within the areas covered by any adjudication. The preperation of 
ed and the attention given to the | application of water vary with the indi- 
vidual farm. The soil may vary, widely within ‘the area covered 
adjudication. “Tt is not subject to material change and i is not within the control — 
of the individual user. In consequence, the soil is the variable factor “which i ~ 
most often considered in fixing differences in rates of use within any area. 
it: Of the adjudications on which data were secured, about one-half were Based 

¥ on come differences in the duty of water within the area covered and one-half 
made a uniform allowance. In some eases variations as” great as 100% 

,made where conditions differed materially ; the variations used were based 
‘mainly on soil conditions rather than on crops. ve 
Boils. —The texture of the soil will materially affect irrigation practice 
as to the frequency of application, the quantity applied at each irrigation, and = q 
the resulting total use. If it is co conceded that the use of water does vary with the om 7 


soil texture and that account of such variations should be taken in’ fixing 
the ) duty of water, the rates of use for different areas included 5 in a ‘determina. 


tion will need to be variable if such soil variations occur. ‘s The soils in eo 


all irrigated areas variable to warrant taking of 
differences, the irriget wason, the p the 


uncertainty regarding the practicability of ‘making a soil classification 
of sufficiently ‘definite character to justify varying ‘the rate of use based on 


such a classification appears to have prevented a more complete considera- > 
Oo 


id of soil texture. Although soil texture has s been consider 
e tendency appears to have been to allow 's an additional quantity “of use to 7 a 


- soils of coarse texture or to allow enough use to ) all soils to cover the needs of 4 es 
“the more porous types. To “reduce the rate of “use on soils of more gy Se 
“texture is is just as ‘logical as to increase the use on those of | less 1 favorable 
haracter. A practical limit must be set in any effort to base rates of use on r 
a soil classification, but even in areas of | considerable mixture of soils  - 


practical be made which w will be. more nearly representative ¢ of 

actual needs than might be obtained on the basis of generalities only, dis 
pa Cases i in which differences i in: rates of use due to ‘differences i in soils a “pi 
upheld are, as follows: Washington State Sugar Co. . Goodrich, 147 

Pac, 1073 (Idaho, 1915) ; v. Rubin, 130 Pac. 793 (Idaho, 1913) ; Rodgers 
Pitt, 129 Fed. 932 (Nevada, 19 1904) ; in n re \ Waters of Umatilla River, 168 
ph The determinations of the Di ivision of W: ater - Rights of California have ie 


a 
4 


4 


from a diversion of 1 sec- -ft, for 20. acres on n Hat Creek for soils 
q ‘Saered particularly difficult to handle to 1 sec-ft. for 90 acres on heavy soils | a 
Oreck. For coarse soils on the upper areas of Oak Creek, 1 sec- -ft. to, 25 

acres was the rights of all users being accepted by stipulation. On the 

largest stream adjudicated—Stanislaus River—the decrees for the smaller 

ditches serving mountain areas generally gave 1 sec-ft. to 40 acres, whereas 


wn ‘those of the Oakdale and the South San . Jd oaquin Irrigation Districts i in ‘the ie 
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Pie are The Salt River decree in Arizona, in which the rights of about 4 800 owns 3 


“were separately defined in terms of the irrigable area of ‘each owner, was based — 
@ uniform delivery equivalent to 1 sec-ft. for 133 acres. 


nis In Idaho, 1 miner’s inch per acre was used for bench-lands and 1.1 miners 
a inches per acre for bottom-lands on the Boise River, and 1 to 5 miner’s inehés 
per acre for different areas on Big ‘Wood River. In Idaho, 50 miner’s inches 
ee how In Montana, in the West Gallatin decree, the rates varied from 0.75 mil 
d Pee inch per acre on heavy black loam to 1.25 miner’s inches per acre | on gravelly Mi 
- Jand. On the smaller streams of the State different rates of use bave not been a 
general, many such decrees being based on 1 miner’ 8 inch per ‘acre. In ; 


Montana, 40 miner’s inches are equal to 1 sec-ft. wo 


ae: _ The decision of the Special Master of the Federal Court in the adjudicn - 
Ge _ tion of Truckee River in Nevada (still pending) decrees different rates of use { of 
Bet <x, tt to different areas based at least partly on difference in soil conditions. we. pe 
coe... Oregon, rates of use of 2.0 to 3.0 acre-ft. per acre were decreed for dif- (R 
ee fer ferent areas on the Deschutes River and 1 sec-ft. for 40 to 80 acres, orSto6 § (W 
acre-ft. per acre, for different soil conditions on the Umatilla River. volt 
quantities given apply to the quantities diverted unless otherwise 
Crope. —The within any area are subject to variation both over longer 


i complete development of an area usually results in greater diversity of crops — 


1 _ which, in turn, tends to reduce the average quantity of water used, as the crops 
first ‘gTown are generally, of larger water -Tequirement, such: as forage 


b. 4 This is not ‘the case, ‘however, in areas where grain is largely. grown in the : 

va earlier years, 4 General crop changes occur gradually; temporary changes may J 

: 4 be rapid, such as the growth in single seasons of large areas of some crop ‘ for 

“which the prospective price is attractive. Where rights have been acquired : 
based on the irrigation of one class of crops and it is proposed to change the 

: .. crops so as to result in ‘a material change in the time of use or an ‘increase in 

a - the quantity used, such changes may be opposed by other users who have made — 


re 4 appropriations based on the previously existing conditions. If the earlier 


i? cycles of years and temporarily du due to ) changing economic ¢ conditions. The mete. 


practice has been well established such opposition would be expected to be all Re 


Court indicate | a claimant is ‘entitled to a water 
Al sufficient to meet the needs of his lands for the type of crop which he vil been 


accustomed to ‘growing or which he may grow under reasonable crop rotations. 
tai. Decrees for individual users or under small canals may be based on the require- 
a ment for the crop of largest use, usually forage. "For larger areas, - diversity 
a of crops is to be expected and the needs can be based on the requirements for for 
the proportion of different crops which has obtained during ‘recent “years. 
oo a Although there may have been a definite tendency toward crops of smaller 
needs and although i it may ay reasonably be anticipated that such tendency m : 
es continue, it is hardly to be expected that those making the decision will 
a reduce the right below the quantity | needed for crops being grown at the 3 
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Courts are guided by local practice as to the crops the irrigation of which ¥ re 
way ay be considered beneficial. a The irrigation | of native grasses is ¢ is a recognized ae! 
beneficial use, but it must be practiced under conditions representing proper i So 
local standards | in the handling of the water. - The fact that some claimants a 
may desire to irrigate crops of smaller water requirement will not justify lim- — 
iting all: rights to the needs of such crops where other rights have been used ie 


the decree on Salmon n Falls Creek, ‘Tdaho, the "Federal Court based 

its findings 01 on a use of 2.5 acre-ft. per Gide? for ‘aides ‘crops and 1.5 acre-ft. Ps. 
per acre for other Crops, one-half of the area being used for each type of crop. 
These quantities. are to be measured at the farm head-gate. 
sg ‘The recent determination on Humboldt River made by the State ieee 
of Nevada is based on a use of 8 acre-ft. per acre for harvest crops, 1, 5 acre-ft. a 
er acre for meadow pasture, and 0. 75 acre-ft. per acre for ' diversified pasture. 
(Rodgers 1 v. . Pitt, 129 Fed. 932 (Nevada, 1904) ; U.S. ». . Bennett, 207 ‘Fed. a 
(Washington, 1913) ; in re North. Powder River, 144 Pac. 485 (Oregon, 1914); F 
Muir v. Allison, 191 Pac. 206 (Idaho, 1920).) 

Climate —Climate enters into water- right determinations due to its influ- 

: aoe on the length of the irrigation season, the crops grown, and the need <= 
faababegdy ‘as water used i in irrigation is. , supplemental to that obtained from 
natural precipitation. _ There is less Giherence i in the rate at which water will 

be used during | the period of maximum demand than there i is in the length of - 
the irrigation season in different localities. _The amount and occurrence of rain- 
‘fall will influence the amount of ‘frrigation required. Such differences in 
rainfall more usually affect the time of the beginning of the ‘irrigation | season. 

In localities where the rainfall continues into the growing ‘season, ‘as in the 

_ Plains Area east of the Rocky Mountains, the irrigation season may by be delayed a 
until later in the crop season than is the case where the rainfall occurs almost _ 
wholly in the winter months as in the Pacifie Coast States. Zz ~ 


Differences in use based on differences in climate e were adopted ‘on the 


Beaverhead River in Montana where different rates of use were decreed for a 


Upper ar and lower valleys. These differences may b be due to the combination ‘et 


partial separate decrees rather than. to a distinct difference based on climate. i ; 
_ A decree in Apache County, Arizona, allowed 1 see-ft, to 90, 110, and 180 a ‘ 


acres, respectively, for areas at different altitudes. odi 


Preparation of Land.—The character of preparation n of the land | may ‘ake 


a great difference i in the quantity of water used. Where the surface is uneven, 


“greater a average depths must be applied in order to cover the higher areas. > 
flooding of areas of too large size results in excess percolation loss. 88 tee 
1s It is usual to find a definite te ndency 1 toward improvement in the prepara- are. 
tion of land as an area has been longer under irrigation. This is due both to 
- the ' increased resources of the owners which enable them to incur greater costa 

Dis ioe 
in preparing land and to the benefit of longer experience ‘under local condi-_ i 
tions and the development of methods . best suited to such conditions. = 


beat support for a contention that older users should have their rights reduced — 
fe ‘required under better’ methods of land "Preparation would 
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WATER- -RIGHT ADJUDICATIONS 


a showing that such improved methods were i in voluntary | = in d 
S area 5 concerned by a sufficient | proportion of the users to have demonstrated 
their advantages and economy. Efforts to secure decrees which would Tequi ire 
general changes in the methods of preparing land where such ‘support. was ‘not 
available have not been successful. . (Foster v. Foster, , 218 Pace. 895 (Oregon, 
1923) ; Farmers Co-operative Ditch Co. v. Riverside Irrigation District, 109 
Pac. 481 (Idaho, 1909) ; Beasley wv. », Engstrom, 168 Pac. 1145 (Idaho, 1917),) 
Cost of Water.—The cost of » water is usually an indirect factor. It may 
affect ¢ the duty . of water due to its influence on the methods of f preparing. land 
and handling water. 3 The cost which it may be feasible to incur is limited by 
the value of the crop returns. — The rates charged for water may influence the i 


use of water in in actual practice, but tee appear to to have entered directly. into 
the determination of water rights. 


Skill and | Attention Used in Applying ‘Water-—The skill or "attention 0 
4 the labor used in applying water is closely related to the character of land 
preparation. Claims for a quantity of water which will permit the land to Be a 


. _ irrigated with only occasional attention to ‘the water are frequently made = 


areas irrigating pasture or forage. Such practices are ‘judged by their re; 


“ sonableness in comparison with the general practice of the area. In» many 
ia areas the cost of labor in th the e | application of water still exceeds the coat of the 


a4 _ water itself, so that the extent to ‘which improvements which would increase 


the labor costs can be expected, may be 
‘Summary or Factors ConsipereD IN Fixinc THE Duty or WATER 


Although there are a number of decrees in which a uniform rate of use 

- was awarded to all claimants, these illustrations appear to justify the conclu 7 

_ sion that. determining agencies, whether an administrative officer, | such as the 
& State Engineer, or ra | Court, either State or Federal, will decree varying z rates 
of use to different claimants whenever they conclude that differences in soils, 


crops, or other conditions exist which warrant differences in the rate of use 
‘Although ‘soil conditions may vary within relatively small areas, the 


a general classes or divisions of the area rather than for individual owners. or . 
es. Presumably, however, if evidence could be presented supporting such : 
diffe nees the determining body would feel free, as far as principles are con- 


- corned, to vary the use for emnallier areas. With the i increasing attention = 


that the adjudicating agencies will tend to give closer a attention ‘to 
details of the water requirements of the lands served, with the result thet 3 


variations in the of use allowed may be more frequent in the future than 
in the past. ‘ai tob roo? sore ce on 

Terms Usep To Express THE Any Ricut May Be Enrtitigp 

TO DIverT AND THE ‘SEASON oF ‘Diversion rsh 


1 The older decrees were expressed almost. entirely in terms of — 
As ntorage 
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‘decrees in terms of the total quantity season and to limit the period 
of diversion for direct use. In the older decrees, shortages i in supply generally 
occurred sufficiently late in the season to be within the period of maximum rate — 
of use so that it was not necessary to define the beginning of the irrigation — 


“ight permitted diversion up to its maximum rate at any time flow was ‘avail- aes ‘a 
4 able and a beneficial use could be made the water. A reduction i in diversion 
could be made when waste occurred. GOO OL To 


The Salt River decree i in Arizona permits diversion the year as 


climatic conditions result in continuous use. On Hat Creek, in Oalifcraia, 
the decrees are effective f from May ito October 27, no limitations being placed — 
on use during the remainder of the year. On the West. Fork of Carson peal 
in California, Big Lost River, in Idaho, Silvies and Umatilla Rivers, in 
Oregon, Logan River, in Utah, and | West Okanogan, i in ‘Washington, diversio 
is limited to periods between specified dates. ditw dose tol 
The Bear River decree of the Federal Court for the Idaho District specifies 
8 diversion season from April 20 to . September 30, with the rate of diversion 
fom April 20 to April 30 and from September 15 to September 30 Seepage: to 


40% of that allowed during the remainder of the period. 
: 7 On the Boise River, the decree now in present use is not final on the ere a 
§ of water, the tentative allowances being adjusted during the season as = 


stream flow diminishes. The following order illustrates a Gn practice used: aa en 
“The various ‘rights as adjudicated in the ‘so-called Stewart Decree shall 


receive 100% until the natural flow of the water of Boise River shall decrease a 

q or until all the rights in said decree cannot receive 100%, at which time the | 
various rights as adjudicated in the so-called Stewart Decree shall first be cut 

to 75% of the amount of water decreed by the Stewart Decree as the natural | 

— flow of Boise River decreases, beginning with the latest rights and proceeding — 

to the earliest rights in the order fixed in said Stewart Decree, and after all 5 

_ rights shall have been reduced to 75% of the amount fixed in the Stewart Py 

- Decree, should the natural flow of the waters in the Boise River decrease below a 
the amount necessary to supply said 75% of the water rights as decreed in — 

said Stewart Decree, then the various rights, beginning with the latest and — ae : 
proceeding to the earliest as aforesaid, shall be reduced to 60% of the amount _ ae 

| specified in said Stewart Decree and 60% of the amount specified 

_ Stewart Decree is hereby fixed and determined as the highest duty of water for 2 


This is equivalent to using a higher standard of practice during periods of 
small supply i in order to reduce the hardship of such shortages | on rights of - 


later priority. This method has been i in use for several years, apparently with > 
4 On the Weber River, in ‘Utah, the | proposed determination | by the State 
; Engineer is based on the use during high-water stages of 1 sec-ft. to 60, 65, oH 
and 70 acres for the upper, middle, and lower river areas, with all rights re- : in 


we 


duced to 1 see-ft. to 80 acres before any rights are cut it off. 
On the: Big ‘Lost ‘River, in in Idaho, a decree accepted by stipulation by all 
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Parties provides Tor diversion Irom April 2U to Uctober o1, diversion during 
. _ April and October to be at the discretion of the Water Commissioner, 2 


in Utah, all the older rights were a priority of 
May 1, 1860, and a schedule provided for stream flows of 400 sec-ft. or Tess 
a by which different rights receive somewhat different percentages of ‘reduction — 
as the flow diminishes. OA similar general method is followed in the temporary é 
schedule now in use on ‘Kings River, in California » in which different Tights 


s entitled to divert different quantities ot different stages of stream flow, oo 


she 


or r the Humboldt River, in: Nevada, the rates me: in ‘acre- om 
for different crops, previously mentioned, , are proportioned to the length of the 


ir rrigation | season, harvest crops being irrigated over a 180-day s season. The 


, di iversion rights are expressed in the decree in terms of second-feet. cy 


The definition of rights in terms of acre-feet per acre per season has been 

: ‘4 more usual in the administrative determinations in Oregon. Total acre-feet per 

Nee season for ¢ each right, with a limiting rate in second-feet, were used on the 

Deschutes, Grande Ronde, Hood, Umatilla, and ‘Wallowa Rivers. On the 

Rit Silvies River, 1.5 acre- ft. per acre month brit to une 1 and 1 
4 


4 The following quotation from the decision in the case of the State of 


W. rening.s v. State of Colorado (#2 Ct. - 568) represents a recent ¢ 


Q 


It apy appears to be well established that the determining bodies define 


i rights in such terms as they consider to represent beneficial use; that the — 
‘season may be restricted to those periods during which use is beneficial 
3 that specific 4 dates may be’ defined limiting the season of use; and that in a 
addition to the m more usual former practice of defining merely the maximum. 
Tate of diversion, the total quantity of use for the season may be defined. The 
Timing of the total quantity that may be diverted during the e season, leaving 
the user to adjuet the time of its diversions: his needs subject to some 
on the maximum ‘rate at which he may divert, seems to represent a 
vs desirable basis on those streams where storage as as well as direct rights 8 exist 
“Such a basis | protects the prior right in an adequate supply under reasonabl y 
flexible conditions of use. It also defines the total use so that the supply 
available: for storage can be determined. Its terms: are sufficiently direct and 
specific to permit practical operation of the stream. 
et Decisions | involving maximum rate of diversion with total acre-feet 
a  -aere limitation, are: Foster v. Foster, 213 Pac. 895 (Oregon, 1923) ; in 
¥ Willow Creek, 144 Pac . 505 (Oregon, 1914); in re North Powder River, 14 
‘Pae. 485 (Oregon 1914): Laurens v. Brown, 185 Pac. 761 (Oregon, 1919); 
3 Vineyard Land & Stock Co. v. Twin Falls Salmon River Land & Water 
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WATER-RIGHT ADJUDICATIONS 


Creek, 144 Pac. 505 (Oregon, 1914); in re North Rives, 144 Pac. 
(Oregon, 1914); and Laurence v. Brown, 185 Pace. 761 (Oregon, 1919). ehesiy 
.. Decisions involving season limited by fixed dates include Foster v. Foster, 


In general, all decrees define the of the ‘right at the of 2 


sion. - This is essential usually for purposes of practical administration. ae 
“decree includes any losses i in ‘conveyance to the point of delivery to ‘the la 


TOMAL 


tan 
‘owner. some determinations no distinction is made separately for con- 


ance losses. In the Salt River decree, 1% per mile of canal was wed eee 


‘measurements ‘of loss for each ditch have been used in some cases, such as 
the West Gallatin in Montana and the Deschutes and Grande Ronde in Oregon. 
J The following provision ‘is contained in the decree for Umatilla River, i 


“Tn all | cases ‘das the are in good condition, may 


at his discretion allow an increased dive sion for such see page and evaporation, — 
which increased diversion shall be determined by the water master ceri 
to the actual seepage and evaporation in the diversion works, but in no case > 


shall such increased diversion exceed 20% of an mount t allowed by 


‘The diversion ‘requirement can be dest estimating “the 
‘delivery requirement and the conveyance loss separately. and the 
The delivery Tequirement and the conveyance loss s have n no consistent 
relationship. _ The lengths of canals serving similar soils and having ‘similar 4 ey 
ine 
sion requirements may be u ; ian 
The construction and maintenance of canals must represent 


limited to a ‘reasonable ‘oss. iat 


Cases covering conveyance losses {nelude Town of 
tension Ditch Co., 94 Pac. 339 (Colorado, 1908) ; Wheat v. Cameron, 210 Pac. 


761 (Montana, 1923); Basinger v. Taylor, 211 Pac. 1085 (Idaho, 1923) ; 


Hansen, 206 Pac. 808 1905): Santa Cruz Reservoir Co. v. Ramirez, 
Nearly all decrees include some diversions serving relatively. small areas, 
a the right for such an area is expressed in terms of its average “need the 
resulting diversion on may be too small for effective use. meet this condition, Ve. 
Cention in delivery is frequently practiced. Under larger canals such rotation e 
is practiced among the different users without affecting the diversion from the ee 
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stream. Under small users may to att the average 
rate for one-half the time or make such other adjustments s as may meet their 
needs. To avoid confusion in the decrees it is usual to define each right’in 
; = terms equivalent to its continuous diversion, leaving such adjustments to re : 
handled by the one in charge of administering the stream under general clauses j 
in the decree. different st afferents stages of 
, Where such ‘conditions exist, it is usual to permit rotation subject | to pro- 
visions under which later priorities may be protected i in | securing th the supply to ‘3 
which they are entitled. Such provisions usually require ‘the o one seeking 
- “A to divert a surplus to secure the approval of the water commissioner and to 2 


arrange exchange w with other owners ‘desiring to 1 rotate. tha 


9 ny By} There appears to be. some uncertainty : as to the right ‘of : a Court to require — 
rotation or to define each right | so that rotation must be practiced in | order to ; 
make irrigation ‘feasible. general tendency has been toward a recognition 
y oS of rotation as a part of usual practice and toward holding that beneficial use 


may be defined ¢ on a basis which may result in ‘requiring ETE: for successful z 


Rotation is permitted in the Salt River decree, in all decisions of the Cali 


fornia Division of Water Rights, in the West Gallatin in Montana, the Big 
Ds , Wood River and Salmon Falls Creek i = Idaho, permitted or required i in various ee 
‘determinations of the ‘State Engineer in Oregon, and permitted in the Bear +. 
‘ River decree in Utah. No cases were found in which it was prohibited; the 
_ remaining streams appear to represent omission of any such provisions rather — 
than | objection to it unless | the case of Muir v. Allison is considered as an oe 
on | exception to ‘this statement. (In re Willow Creek, 144 Pac. 505 (Oregon, 
= 1914); in re North Powder River, 144 Pac. 485 (Oregon, 1914); Muir v. Alli- : 
mv. son, 191 Pac. 206 (Idaho, 1920); and Reno »v. Richards, 178 Pac. 81 (Idaho, — 
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OF ‘EvipeNce ON THE Dury OF Water Wuicn Appearep TO 
INFLUENCE WITH THE ApsupicaTine Bopy 

— | the older eases little evidence of | an expert character was resented, — S 
Pp 


for the purpose e of basing the claims on of past 


ae rather than to determine the proper duty of water. More recent i irrigation 


usually include large’ units which plan to utilize all or. ‘near 
all the remaining unappropriated flow of streams. The water supply availahle 
is the ‘difference between the total run-off and the 2 existing: rights. . The more 

closely the existing rights can be limited in their. quantity, the larger is the 
_ Such limitations are i in th the public interest & 


a placed on the earlier rights are not unreasonable. As previously novel 
the adjudicating bodies have not used such high standards i in | defining existing a 


rights as to impose unreasonable limitations. od, 


' The advantage to be gained by such later rights from a a restriction of the ag 
ie fs alice | ‘users and the extent of their interest due to the size of many of these — 
larger projects have resulted in ‘the employm t im many cases of expert 
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e 
usually t testified in favor of higher ‘standards of practice than those i 

i by Die users themselves 0 or those directly ‘engaged i in the « operation of the exist: 

3 systems. This has led to the general classification of such expert witnesses he 


as high duty advocates, as contrasted with the usual farmer or r direct ex ane: ORS 


ence advocates of larger quantities of water. Many attempts: have been made 
to rebut such e: expert testimony on. the e ground that it was not based « on sufficient — y: 


familiarity with the areas ‘involved, that it represented theoretical results 
gather than practical, that the costs necessary to accomplish the results recom- 


_ mended would be beyond the means of those now irrigating, and that prior . 


users were legally entitled to such quantities of use as might be required 


;: under the general methods existing in the area. a ‘Rebuttal t to the evidence of 


“users in the ar is usually based on the el m that the ordinary irrigator 


_ measurement so that his opinions on the quantities he had used are not ¢ com- oa 
petent ‘evidence. As the numerical results presented by the two classes of 
= are frequently relatively far apart the resulting decision may ole a i age a 
opportunity for at least a general judgment as te to the evidence which | appears 


to “have been given weight in the decisions, 


On the basis of the information | assembled by the Committee, the decrees 


‘ude by Courts: appear to have been based largely on, the of 
directly engaged in the use of water in the area under adjudication. Where 


expert witnesses have been able to qualify on the basis | of both general experi- a 
; ence and of experience in the locality, or where their opinions are supported es 
byt records of use by the better irrigators of the area or by experimental deter- ete a 
Bi 
‘s ‘pinations under local field conditions, their - conclusions appear to have been . 
* 
of more assistance to the case. Where the conclusions have not been , supported 
by local data or have. been based on experiments under conditions ; not repree 


‘sentative field conditions, little weight appears to have been given to the 

_ For the West Gallatin ond Beaverhead Rivers ia Montana expert irrigators oe nee 
were engaged by the Court to make determinations in the field and advise 
the Court in defining the water re requirements. Irrigators having local expe 
Tience were selected. In the adjudication of Hood River, in Oregon, local trials 

my The water requirements s depend on the number of irrigations and ete quan: ; 

tity” used at each irrigation. The one irrigating 1 under a given set of condi- 
tions i is usually fully competent to to testify regarding the frequency of irriga 
fF tion required although he may not be able to measure properly, the quantity © 7 
of water used. A logical determination \ would be secured by utilizing direct 


experience on the | number of required, together with competent 


5 tice that | ‘the Court desired to follow in its decision. Such a basis for the ee 
_ delivery requirement when increased to i include canal conveyance losses bas based — See 


on actual observations would appear ar t utilize direct and evidence 
to the best advantage. 
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. ju 
ications ‘Officers of the State, direct 
e collected by the engineer conducting the adjudication. The entire pro- 
rots is in the hands of those experienced in such work under conditions : 
where the: one ‘making the determination is not limited to evidence brought 
before him, but may and usually does conduct his own investigations. ies 
such determinations controversies between expert and lay witnesses are’ less 
usual, There have been relatively few ¢ cases in which the conclusions of such 
procedures have been modified on appeal to the Courts, = = §. |. 
Among the decisions discussing the character on the duty of 
water are: Stinson Canal & Irrigation Co. v. Lemoore Canal & Irrigation Co, 
188 Poe, 17 7 (California, Pabst v. Finmand, 211 Pac. 11 (California, 
8 e Ditch Co. v. Riverside Irrigation n Dist., 102 
Pac. 481, (Idaho, 1909); “Idaho Irrigation Co. Gooding, 285 Fed. 453 (Idaho, 
1922) ; Rodgers v. Pitt, 129 Fed. 932 (Nevada, 1904) ; Anderson v. Bassman, 
140 Fed. 28 (Nevada, 1905) ; ; Little Walla Irrigation Union v, Finis Irrigation 
Co., 124 Pac. 666 (Oregon, 1912); 3, Foster v. Foster, 213 Pac. 895 (Oregon, iy 
he Sharp v. Whitmore, 168 Pac. 
152 Pac. 675 1918); and Nichols, v. ‘Hufford, 


J Be 10 Revision OF THE Dury or Water 


Standards of irrigation practice change similarly to the | standards: of other pe: 


of crop production. Increasing land values call for i increasing av aver- 
oan yields in order to support such values. Such increases i in yields requi re 
and support better methods of preparing land and more attention to the appli- 
cation of water. Public interest in the best utilization of the limited water 
pesources: supports a ‘continually higher standard of practice the basis of 
| defining beneficial use. All these factors tend toward a reduction in the quan 
tity of irrigation water used for each acre of land, 


re 


Asa recognition of such changing conditions, and in » onder to permit later We 
adjustments: in decrees, it has frequently been ‘u that jurisdiction should _ 
be re retained in water- right adjudications so that the terms of the decrees may be , 
later modified to meet such changes. The Courts retain partial jurisdiction 
ak from year | to year in order r to provide : for the appointment © of water commis-— 
sioners for the administration of the decree. Provisions for ‘retaining jurisdic: 
we om to permit re-opening the case. for further evidence on ‘the duty of water 
and possible modifications in its terms have been made in the Salt River 
deere i in Arizona, the Boise River and Salmon Falls Oreek decrees in Idaho, : 
and the Silvies River decree | in Oregon. ‘The Powder River decree i in Oregon 
xa is left o open for further evidence on seepage and evaporation. | The determina- 4 
_ Soe of the State Engineer on the Humboldt River in Nevade j is to be inter- 
_ locutory for three years for further consideration of the | duty of water. The 
- findings of the Special Master - of the Federal Court Pon’ the Truckee River in 
fs the same State propose that jurisdiction shall be retained for purposes of pos- ; 


ions made 


273 (Utah, 1917); Pasco Fruit Lands Oo. ed 


— 
— 
— 
3 
— 
* 
| 
— 3 
— 
— 
— 
iw 
— 
a 
— 
4 
9 
— | 
q 
d 


We 


determination of may be made where it be shown thi 


. - Although provisions no re- opening of decrees as stated were found, no 
was reported in which’ such re- -opening had occurred u inless the ge general 

' @etermination on the Sevier River in Utah by the State Engineer is regarded — x 
a as | such a re-opening of the different old Court ¢ decrees on this stream. As Poe 


“none of these Court decrees included all users on Sevier River, ¢ the piedint “a 
~ determination is hardly a re- -opening of procedure in which all’ rights have ive 
participated. Tn all cases. those “supplying information regarding these 
streams expressed the opinion that such a re- -opening would at’ "present ‘be ' 
~ inadvisable, the reason more usually given being that the probabilities a 4 
securing ‘a more” favorable decree on the duty of water would be more than 


offset by the disadvantages of controversy, cost, and uncertainty in 


| 


a toa so that such cases may hei re ‘may be desirable on marly streams, 
but that the prob: 


+ 
standards have ‘materially from m those existing” st 
iN Decisions discussing the right to retain jurisdiction include: May . Dis- 
trict Court, 200 Pac. 115 (Idaho, 1921); and Big Cottonwood trates Ditch 


Oo. Shurtleff, 189 Pac. 587 (Utah, 1920), 
Has THE OPERATION OF THE DECREE Bren SATISFACTORY AND In Wuar Ways, ue 


Any, Coutp Ir Be Iuprovep? 


_ Although the ‘comment is frequently made that methods adjidicating 


‘toa questionnaire in ‘nearly all cases “were to the ‘effect that the decrees were ; 


operating fairly satisfactorily. As the opinions secured fe generally from 


People directly connected with the adjudication its, operation, although 


: “usually not representing we particular interest on the’ stream, the results may J 
De regarded as Tepresentative of the general opinion. A noticeable feature of 


many determinations made by. State wap the proportion 


n the earlier 
Siena, would have been in the interest of the public. "Greater “see 
in the terms and conditions were also mentioned as possible improvements. i = 
_ general, however, it appeared to be the opinion of those replying that any oni i. = 
advantages that might be gained by revision would be offset by the di disadvan- £ 
i The following general conclusions are the pil of the Committee’s study 


of and practice ii in the for defining the duty o 
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well supported by rather extensive use, adopted by existing 


_-: 2.—-Those endeavoring to secure the adoption of higher standards of prac- 
tee i in such determinations may well be guided by the previous statement 
and will usually find their efforts more productive of practical results if it 
is. observed. An endeavor to secure decrees representing a standard | of Prac 
ohne not so supported may result in the determination being based on a less de- ‘ 

hs a sirable | standard that n might have been ‘followed if a more ‘practical presenta- 

—The use of the direct experience of loca) irrigators to determine the 
_ mumber of irrigations required, with evidence on the proper depth per irri- — 

gation based on ‘measurement under actual local field conditions representing 
standard of practice it is desired to follow, represents the most logical 
of using both direct experience and expert opinion. 

Sea - —A form o of decree which will meet the : requirements fo for direct- flow rights — 
streams where storage is to be 1 used will be one ‘defining the ‘maximum 

of diversion with an additional on ‘the total quantity that 
$e be diverted during the season. This form of decree has been | used ‘suffi. 


ciently to establish its legality. ‘The fixing of the irrigation s season by speci- 
the dates for beginning and the may | be desirable or 


ie standard of use will generally result in reiaiinaliee requiring rote 


| 


uaa 5.—Improvements i in the standards of practice used as a basis i in defining 

water: rights are dependent mainly on the adoption in general irrigation 


~ _ practice of more of the present knowledge regarding the advantages of a more 
PY economical use of water, Legal d definitions: of water Tights can be expected 


to follow such improvements in general practice, but. cannot be expected to 
force ‘such improvements by limiting rights on the basis of a better practice 


| 


than may | be considered reasonable at present. It is desirable’ to have pro 


_ Visions in decrees for later adjustments i in the quantities decreed whenever : 
conditions may warrant such Te- determinations, Such provisions will prob- 


ably only be used at infrequent intervals so as to avoid | general disturbance 


>. 
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EB. A. Porter,* M. A. Soo. E.—This report covers one of the most 
cei vexing problems in irrigation engineering and operation. «dt is 
onable ‘solution has been | attempted, from time i 


- grouses the wrath and suspicion of the old water user more quickly than a 
other i in n irrigation. ji For t this reason the report 1 is not only timely | but —— 


Aye It i is well known that any "one entering into a discussion in an attempt to 
solve the proper duty of water for a given fen area, is likely to be severely 

criticized. The speaker has been connected with problems involving the 

-yeasonable duty of water for several years. Such experiences have taught oe 
: him that the problem must be met in a spirit of tolerance and with a practical a 


ond and that the factors of of 1 water supply, soil conditions, and methods of — 


“that se season may be quite. out of place for another ‘year. Those in charge 
of water- “right adjudications should be able to appreciate the fact that the | eg 


user’s interest, although paramount, should be analyzed in connection with ‘ee oa 


the interests of the Commonwealth in which he lives. It will only be a rtm : a 


of time until a reasonable water right will have assumed as definite a value 


as any other property right. . Therefore, the water supply of the arid regions 


must ultimately be made to perform ite’ deny.” Realizing the 


ultimate insufficiency of | water for all the irrigable lands” within arid 
regions it does not seem consistent that final decrees should be permitted in 
-_water- right determinations. Neither does it seem consistent that States ; 
should permit further appropriations on most of the streams until accurate i. 


results secured by the Committee have been ably presented. 

@ ever, it appears evident after a review of the x report that there still remains a 


a vast t opportunity for improvement in the collection of data to determine 


the p proper duty of wat ater vunder practical ‘methods of use. All ‘who have 
experience in management ‘or operation realize that most 
instances throughout the arid West, some District Court will pass on the 
‘final recommendations for a a determination suit. The Committee is right 
Y when it explains that the testimony, of the actual user of water will carry. 
; more weight than that of the expert. | This i is probably : a pret statement, but, 
nevertheless, it is “true, for the reason. the expert is usually “employed 
to help a client win his point. ‘Iti is well known th that some so-called experts 
often introduce as facts testimony ny which they know to be untrue. oe tol 
-‘- Under the revised Water Rights Law of the State of Utah (1919), the 
State Engineer is to re-determine water along any river he 
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State after the water users under such stream pee taken on the 


preliminary steps. At present (1925), this official is engaged 
pe 4 with. the problems of a proposed determination for the entire Sevier River 


District Court for confirmation. This river system is typical of 


“rights for "power development There are no o important. power 


Cs of the rivers in the inter- mountain region, and for various reasons Presents, an e 


within the | Sevier Basin. It is solely an irrigation atream fi for the reason that 
the early settlers. filed on all. the normal water supply for surface irrigation 4 
‘purposes. Power developments will probably come in later years, bach 
installations will require equalizing storage reservoirs. tad}. low. ai 
~~ At present, the upper valleys. of the Sevier Basin are spe 
solely. bya natural flow, div erted either from the main channel or from tributary 
area served in these valleys is about 25% of the total area 
within the Basin. The remainder of the irrigated, or irrigable, 
area lies within the storage zone where 1 the water ‘supply can be accurately : 
by. the. aid of. several storage. reservoirs. di} The largest. of these 
reservoirs has been created during recent years, prior to which the 
flow rights, now within the storage zone, had b been filed | upon, or used, for a 
long» time. The » Courts had. adjudicated these — waters to the rightful owners. 
Later, the storage reservoirs were created to conserve all the ponies 
supplies. Prior to 1914 the Federal | Government and the State had 
three 0: or four water-measuring stations within the Basin, but in 1914 these two es 
agencies, in co-operation with the water users, saw fit to determine ae 
resources of the. Basin at all critical points. al yilio 
ers _ To-day, the engineer, water user, or public have available before them a + 
= ge Lil mass of accurate data showing the seasonal head-gate diversion of every i im- 
i portant canal in the Basin, the daily, monthly, or annual flow of the river at a : 
he Me score of points and the approximate area of irrigated and i irrigable lands under a 


canal system. ‘Without doubt the stream- flow data on the Sevier System 


ce. as complete as those on any system in the country. With the aid of these 
data’ ‘the . factors of canal capacities, gross d diversions, and return flow from im 

portant, areas can be. ascertained. There is, link in ‘the 
chain of data for this river system, and this is the duty of water, which is of 
4 sueh importance that it may delay the adjudication suit for years. 
However, the importance of the reasonable water requirement for. the 
j - irrigated. lands had been appreciated by a few. The steps taken to secure. data 

=a on this subject have been along practical lines. | The ‘first step was to persuade 

y the older canal companies, operating under the former natural flow rights 

rs 6G to appreciate the value of a stored water ‘supply as compared with their variable 
pt i ‘and uncertain decreed rights. In 1920 one of the older canal companies agreed. 
Si exchange, for trial only, ifs decreed right for a definite stored water supply 

a for use as desired during the irrigation season. ‘The result was so surprising 

al that all:suspicion against the plan was immediately dispelled, and this par- 
ticular —- hes now pooled its former natural flow right with the stored 


= 


Basin in Southern Utah» which data will later be submitted to the water wee 


2 

| str 

‘bas 

mo 

di 

vis 

— en, 

4 

a 

D 

de 
— he 

gi 

q 

— 

a 

— 

— 
4 

— 

A 

§ 

— 


wi 


This er of procedure has brought together many conflicting interests 
which in the way of the most efficient adjudication. It demon- 
vey in, a practical manner and without additional cost, , that 
stored water supply is superior to natural right. It 
has taught the older water users that successful ¢ n a 
"mountain region, ‘can be » matured- with 2 to 3 net of water instead of ee 


to 7 acre-ft. as formerly used on the land, _ These results have been secured aa, 


distribution and utilization. — The Commissioner has operated under the ‘super- 
vision of the Court or State Engineer, and his policy has been t ‘to distribute 
water in co-operation with the water users and storage reservoirs. 
-~years of stress and seasons of plenty this Commissioner, who is a technical 7 
engineer as well as a diplomat, has been able to protect the int of all — 


A 


=o would appear that all water supplies within a storage zone 8 should ‘be 
common and that the interests should be pooled ona priority “basis. 
- Data in connection with the determination of the duty of water should be _ 
secured in co- operation with the actual farmer or irrigator. Water- right 
- decrees should not be made final as a ave geval rule. Water commissioners should - 
a fe selected carefully and after a selection is made, the commissioner should be i; . 
given full charge of all field duties with the necessary authority and ——. 
1 of a legal body. The length of the irrigation season should be definitely set . 


Luovp Garrison,* Esq.—One or two notes on the experi 


i ence in Utah may be of interest. In 1919, the Legislature of Utah passed oS 


7 law which provided for the adjudication c of water rights, ¢ and under this law all 

2 the streams of the State will eventually be adjudicated. It has been the prac- oie 

tice of the State Engineer to make a determination of all rights as provided by ie 
the law and to submit his findings to the Court with the recommendation that 


ine 2 jurisdiction of the case be retained by the Court for a period of five, years. 


Duty of water in the determination is fixed by general experience and such 
local information as is available. During the five-year period it is contem- : i 
4 plated that tests of duty will be conducted on representative tracts of landd 

These tests will include records of water used, crops “raised, soil determina: 

- tions, and such other data as will give as complete information as possible 

‘concerning the duty required. At the end of the five years it is hoped that j 


4 sufficient data will be collected to permit the Court to render a final decree. . me 

7 open indefinitely. That leaves the eatiiadnenh for too long a a period. Five years 
should be sufficient for an accurate determination of duty. The law in the 

4 is good and if given a chance will, ‘be 


almost solely by the Water Commissioner who has had field charge of water 
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pete tal diverted Gre chenne) ior 
ANALY! SIS OF CONTIN UOUS CONC CRETE ARCH H SYSTEMS* 


fo. 
WitH BY ‘Messrs, ‘Harpy Cross AND CHARLES Ss. Wurrney. 


ap A number of methods varying greatly in the labor involved and i in degree x 


oo, a series supported by elastic piers. In general, the more accurate methods are of 
a et quite laborious and the approximate methods are quite easily applied. aul 


me me of accuracy have been proposed for the analysis of concrete arches that form rm 


‘ nde 4 information is available as to the limits within which suitably accurate results 

a: os : may be obtained by the approximate methods, and it is hoped that this paper . 
its discussion will throw more light on this subject. | 


The writer presents herein a simple ‘method, whidi:he: believes be 
— ‘a new, for analyzing a system composed of two arch spans with an elastic 
pier. This is an application of a general method for analyzing 

statically indeterminate structures called the “Verfahren der Belastungs- 
umordnung”, several interesting examples of which are given by 
Andrée.$ It consists in replacing a single eccentric” load by two pairs of 

symmetrically placed loads which have the single load for their resultant. 
‘The analysis of the structure under this new loading is. considerably simpler : 


because of the symmetry. Advantage i is also taken of the: treatment of 


Arches” with which the is ‘ashamed to be familiar, tables 
_ influence- line ordinates are given which make the solution easy. Bvt this — 
method it is possible | to study readily the | effect. on the adjacent spans of the 

: pean of one pie + and to determine the accuracy | of of approximate n methods 


enter “Das B-U. Verfahren,” by W. L. Andrée, R. Oldenbourg, Berlin, 
§ Transactions, Am. Soc. C c. Vol. (1985), 
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addition, an easily applied approximate method is given for the 
ej a system 1 of any number of spans, which the writer believes to be accurate tie fe 
enough for the majority of cases occurring in practice broi 


Bote. 


ofl’ The following analysis diets the effect of ‘the elasticity of a pier and the 
“yidding of its foundation on the stresses in the adjacent arch ribs. _ The arch 4 
ribs are assumed to be. similar and symmetrical. In order to simplify the 
- equations, the outer ends of the arch ribs are assumed to be fixed but, if — i 
desired, the effects of elastic supports can readily be considered. The inner 
ends of the arch ‘ribs are 1 rigidly attached to the top of an elastic | pier, the 
of which is fixed against hedizontal vertical ‘but per- 
to bust si ‘to , Jad fo Is 


eA 


mitted to rotate slightly by the nha of the eonporting foundation, The 


f 


ribs of a two- 


4 
a 
— 
— 
iii 
le 
al — 
— 
of 5 
— 
4 
le ac 
1e Ee) it is negligible in all cases. A bending moment in an arch rib is considered er 3 a 
Is “e Bdbel positive when it causes compression at the top and, in the pier, when it me _ 
compresses the right-hand side. A horizontal thrust is considered to be posi- a ES 
4 tive when it tends to shorten an arch rib or to cause a displacement of the = © eee 
|] base of the pier toward the left. = 
single concentrated vertical load placed on one 
ff span system, as shown in Fig. 1, will produce a horizontar and Vertical thrust = i” Pee 


pier, or if 
| — total of ‘Tine ‘reactions 1 the size of which cannot be determined by the ‘three - 
statical equations. analys sis can greatly simplified by substituting: for 


single: load. This substitute loading is shown in the 
a Case IT be superimposed on that of Case 1, the loads oa the right: end 
an are neutralized, and the sum 


and, if ‘combined, they will give the reactions for the single load, q 


Case I, the loads, - both act and are equi-distant: from 


-— oe center, line of the pier. From symmetry, the r reactions at A and F are, 7 


‘same. If the y shortening of the pier dus to direct compression is neglected, 
there is no displacement, horizontal, vertical, or rotational, of the head of 


= / the pier. The symmetrically. placed loads produce at the ; springing line of the 


bh. two arch ribs next to the pier equal moments and thrusts, which exactly 


> Ji ing balance, the resultant being a vertical thrust down : the axis of the pier. ‘The ; 
— a reactions at the end of each rib are then the same as if the ribs were ‘supported — 


separately by ‘rigid. abutments. The reaction for Case I can be found, there- 
¢ the rib, . A- B, to fixed ends, and the equa- 
= Ur’ 


ic, solution of Case I can in 
_ writer’s paper, “Design of Symmetrical | Concrete Arches” , referred to bath a 


er For Case II, the loads are symmetrically placed but oppositely directed 
The reactions at A and then equal in size but opposite in ‘sign. The 
verti reaction at the pier end of one rib is equal ‘and ‘opposite to that of % 
the other rib so that they balance each other. _ The horizontal thrusts and the — 
moments, however, are exerted in | the same direction from both ribs and they — 
ss a horizontal and angular displacement of the head of the | pier. From — 


_ these, considerations, the following formulas 
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load of the general case are obtained shiz ait | cto bapl bas 
Ha Ha Hp = Hy! 
Pode ot + Va’ Vip sev ge’ 


T at nwods an 


the pier top: 


between ‘the A and F; with the pier asa a cantilever projecting 
down from canis center of the beam. Aside from the reactions at A and PF; 


the forces acting on this beam are the couple formed by the two loads, | 


and the two reactions at the base | of the pier, +, Mp” . and Hyp” j whic h will bey 
applied as loads. a The effects of these forces will = considered separately and he 
the influence | lines for Mp” “obtained, & » he We rol Ste 

a 


nid 


z Effect of Loads Applied to Arch Ribs —The eins th A and F and the 


= at B produced by the loads, — >» Will first be considered. f th, two PROPAL; 


re acting as a single fixed beam, as shown: Fig) The pier is not not shown, 
it need not be considered at this ‘ime. comes ion, ros 


a 


‘the point, B, it will be seen that both tend to to produce horizontal and ye a 
; displacements: of the beam at B that are equal in size and direction. Also, — 
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1088 
the load on the left side would a displacement of B down. 
and the lead on the right side would produce an equal. vertical displace 


a ment upward. The resultant vertical displacement o of B with both lo loads act 
mee ing is, therefore, | zero. Because of the symmetry, it will be sufficient to take 


: ae one rib from A to B and ‘consider that the ‘end, 4,i is entirely fixed Aa 


the end, B, is free to move horizontally and rotate, but ‘is fixed 
odo! 

int 


balance, thy teal down the 


were 
the vertical displacement at B is zero riba 
B 


in which, dw Moi is the n any point, silt 


: Mo 
> 


BP 


The influence line for the value of is is the same ia thé “elastic for 


the rib, A B, when acted on or reer d by a unit value of Vpp as shown in Fig. 


This is shown as follows: In Fig. 4, the vertical displacement at 
load point, G, due to a unit vertical wen at B is, f Mo a’ di w, and as Mo in 5 


jou el wig Moz’ dw = 
on (4). Also, the at B is, 
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faxwell’s 3 if is the vertical 
displacement of the point, B, produced by a vertical load at G, 


As the displacement, Sig. at B produced by a unit load at @ is equal to 
othe 89», produced by a unit load at it on} 


therein, is, bas dt of pd dit ! 
ods ot vil lasnesitod d booalge od Hiw din ‘ods Yo bes 


After integrating, 
3 


of inertia of rib at crown vn. 
= moment of inertia of rib at springing Som 


the rib axis sat the s ringing line. 


curve of Fig. 4 has also. been obtained by. and, from. this, 


Th = 2 = 2 l “an he Peart ou. the arb 


‘gration or, using the established i in the writer’s paper oF 
, tioned, they may be derived by direct integration. _ Equation (54),* a 


08 >, = = cosine of angle between the horizontal chord, and the tangent aan te 


which is the denominator in Equation (4). Therefore, ten ml 
ke 
ly 3 
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totals 


The values of and C,,: are given directly by Tables 1 and 2. o 


then. as follows, when P= 
= 
— Ver= 


Effect. of Reactions at Base of Pier.- 


—The effect ofa moment, d 


Pte the two ribs. The two ribs may may be considered as if cut ‘apart with 
P applied to the end of each rib at B. The right end of the re " 
left rib will be horizontally to the left and, from 


the moment, 


rizontal thrust is produ ced by moment, 
tor 
is, howeve er, s for the end hes the: left- “hand to move 


F 


‘The rib, A B, will be considered separately (see Fig. 6) and the ‘reactions, ; 


_ Mau and Yams at A produced by Mp will be determined. At A the rib is 
entirély’ fixed and at B “restrained vertically, although free to “move hori- 


rontally and to rotate. the vertical at B is, 
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a SS) attached and are symmetrical about the pier axis, the ribs will restrain 
a ag 4 each other so that no vertical displacement of B occurs and a vertical shear,™ 7 
i 
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CONCRETE ARCH SYSTEMS 


a 


F 


+ = 


= = - 


Daue to Mp = —1will be, 


In order to take into’ consideration also the elasticity of the foundation, 


reactions at D will be thought of as "aating, not directly on the end of ‘the d 
pier, but ona rigid member attached to the end of the pier by a hinge that 


. has the same elastic properties as those assumed for 1 the foundation. Tt will 


ned further that a unit value of pos on causes | this hinge to rotate through — 


foundations will be Mp e and the expression for the total angular er: 
produced Mp >= - at point of application then becomes, 


Effect “of Horizontal Thrust at D.—In s0 80 far as the effect on the arch 


% ™ is concerned, the horizontal thrust acting | at D (Fig. 7(a)) may be re- 


(5) 
: 
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Mp 
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7 placed bya a thrust, Hp, acting through the elastic centers of re of the two ; 
Ps _ ribs together with a moment at D equal to — Hp (h + b). _ The resultant of 
ae this thrust and moment is the thrust, Hp, acting at at D. re . : 
thrust acting through the elastic centers of gravity of the ribs 


- pre produces only a horizontal displacement at B with ne no vertical or angular dis. 


placement. Because of symmetry, this thrust is equally divided between 1 the 


roe 9 two ribs, producing a tension in the right- hand rib and a compression in the 


This thrust produces moments at A and B equal to 5 


a moment at the pier base, as just ‘determined, is given by Equation 
A From this, the combined effect of thrust and moment when Hp = =1 will be 
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_ These equations can also be derived by considering the 1 rib, A ‘B, as fixed if 


at A and restrained vertically at B as in Fig. a Placing the vertionl 
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Ht —— (b+y ———— = 
Moz dw=V ron dw (h f za 


xis of y, was chosen through elastic center of gravity: 
of the rib, y dw and ty d w are zero. Hence, 

q 4; I D 


=. 


‘The angular ‘displacement, @py, at the foot 


ay 


The angular di displacement at D produced by unit t values of thrust and 
moment at D have now been determined, and an equation can be written for = 
the total angular displacement from the two combined: 


If this angular displacement is equal to zeTO, fens quit 5 od 19 4 


When Hp = 1, 


= i 


pier and is so that it produces at the the pier a1 


equal to — Hp San no rotation of ive mer mber, This condition 


in 


two 
the = 
Res 
— 
aa 
a) 
— 
4 — 
= 
—_ 
be 
g 


total Mp Mp at D will then be, 
AS Hp thus | placed produces nd ‘angular at D, by ell’s 8 ‘theo- 
rem of reciprocal displacements, M’p will ‘produce no horizontal al displacement! “a 
os the | point of application mn of Hp. These two forces, therefore, are “nna 


dent of each other and can be considered separately. 


Substituting Equations (8) and (10) in the for mnt 
Placing 
Vay = = ad 


4 


es > v. AH = — | Ven: =— (h + b—s) 


—s)Bl h—s 


a. 


accompanying tables, a as s will be ditplained subsequently. ‘The: value of the 
angle, € , can be > computed if if the size of the pier base and t the elasticity of the 


su upporting foundation are known. The latter va value must be "determined 


experimentally. The relative importance of yielding of the 


ith no 


“Influence Line for M’p.—The influence line for ‘is the “elastic: cu curve ‘ol pen 


4 the rib, which gives the vertical displacement when M’p = — 
In Fig. 10, is the angular d displacement of the rigid member attached 
q = to the base of the pier mca bys a unit value of M’ 


et 3m be 
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a in. 
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appreciable effect on s, the yiel ing of the foundations can be neglect? 4 
PS i _ should be noted that the formulas herein derived can be used for the special E g 
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which displacement, by, Maxwell’ theorem, is equal to the ‘angular, dis- 


tniog 


Sie 


— — 0 — 
M x 1) dw dw & 


wat gh = qh 


The values of and fra w are given in Tables 1 and 
oft fe wisido of ai 10 sulev ol 


j ie The els elastic curve for the vertical displacements of the rib is o obtained from 
two elementary elastic curves. - The bending moments in the rib are as shown 
is the vertic al displacement of the rib when My = Me “2 6, 
displacy ement when = — an ‘The ‘value of 6,, is wing 


Elastic for | Mp 


+4 Hy, 
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OF concurs ARCH SYSTEMS 
The values of 8, and 8, can be obtained from ‘Tables 4 and 5 for any any par 


Influence Lines jor HBp.— The influence line for Hp i is the elastic curve of 


» - displacement of D produced by Hp = 1, and let éq be the vertical displacement | 
at the load point of the rib produced by Hp == 1, , which, by Maxwell’ 8 theorem, — 
: is also the horizontal displacement at D produced by a unit vertical ond 9 on the 


rib. Then, the total horizontal displacement at the point 
= Be. + E 


4 


The value of éDH is negative and can be obtained from the equation, | a 
berinido «i din od} od} acl avis + 
ao in which, y”’ is the ordinate icannintih from the :ine of action of Hp. © 


(h + tr 


' From Equation (13), 


then, 


lig 
if it is desired to consider the effect of rib dir 
stress, the last term should be multiplied by (1 + u), in which, © 


horizontal at the point of of Hp, due to bending 


- ticular value of m, bat! “3 is also given directly i in Table 3. _ These values were a! 
_ obtained | by integrating the ‘differential equation for the elastic curves as ta 


vertical displacements produced by Hp = Tet ‘the horizontal 


= 
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4 
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— 
— 
Pransactions, Am. Soc. C. E., Vol. 88 (1925 
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w+2s, y dw 
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‘The value of ‘is in Table 1 and the or pier in Table 
6. ‘The value of a “y a w can be found in Table 18*, of the writer’s paper en- 


titled Design of Sy vmmetrical Conerete Arches.” 


7 By ; combining elastic curves that have already been determined, the value. of 
oy can be obtained. As shown in Fig. 13, the thrust, Hp, can be resolved into — 
a thrust, Hp, acting along horizontal gravity axis of the arch 
and a moment equal to (h + b— 8) Hp. The elastic curves for the thrust and 
moment are obtained separately and their ordinates 
From Fig. it. is seen that this ordina 


4 — 
2 
— 
a | 
n, 
— 
a 
> 
— 
‘a 


ready been obtained (Table 3) and 8, ‘can be com 


to 32* and Table 18 in the paper paper previously 
om 


in which, Cc is found from Table 18 ‘and 
Influence Lines for Case II. —Whe 
ue ; have been obtained for different positions of the load, the moments and shes 
he” vl at at the desired sections, due to the, loads and to. My’ and H p, are to to be > come 
puted from Equations (5), ( (6), (7), and id (13). These values are to be 


together in order to the total moments or thrusts, as, for. instance> |) 


4} Ma" =, ap + Mam - Ma = all 
ue of Integrals” for Arch Ribs and Piers. —In ‘ts facilitate the 
Le 
~ solution of the foregoing equations the values of the integrals: for the ribs and — 
the piers have been determined and are given in. Tables 1 to 6. 2 ‘Using the 
arch rib as ee in the : previous paper, the followi ing g formulas have been 


derive od (Fig. 15): 


] 


' 


= 

A 7 49 m 


ad dv = — 


_ * Transactions, Am. Soc. C. E., Vol. 88 (i928), pp. 1004-1008. 


From Equation Am. Soe, Cc. Ez, , Vol. 88 (1925), Dp. 983. 
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“were obtained integrating ‘the differential equation, 
—(l1—m 
It was not thought necessary to give the resulting equations here. - 


Value of m. J fa 
.| (Equation (22). (Equation (28)). | (Equation (24)). 
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to derive formulas for the integrals for the pier, it has been 


assumed that the length of the pier is uniform from ame to bottom and that 


g. 14). ‘Then, placing = 
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I= 


in which, =a 


sectio 
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ich — 
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usts 
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ons, Am. Soc. C. B., Vol. 88 (1925), p. 9830 
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By adjusting t the value of A, these formulas can be "made to ) apply quite Ss 

- closely when there is a batter at the ends of the | pier r as well as as the sides 


TABLE 2.—VALUE OF 6, = 


4,00 | 000000 9.00000. | 0.0000 | 0.00000 0.00000 
0.95 00011, | 9.00014 | 0.00017 | 0.00019 0.00086 0.00088 
0.8% | 0.0012 | 0.00148 | 0.00173 | 0.00198 | 0.0045 | 0.0098 
0.7 0.00408 0.00469 0.00529» | (0.00589 0.00709 =| 0.00880 
0.60 «=| 0.01294 | 0.0137 | 0.01507 | 0.01687 | 0.01 
(0.50 0.08109 0.08201 0.02474 0.08021 0.08885 
045 | 0.02684 0.08841 0.08050 | «(0.08258 0.08675 =| 0.04092 
0.40 0.08210 0.08444 0.08680 | 0.08018 + 0.09888 «(0.04858 
0.35 «(0.08625 0.08078 (0.04851 0.04610 0.05185 | 0.0667 
0.80 0.08477, (0.04765 (0.05056 0.05843 0.06500 
0.2% | 0.05151 0.06469 0.06108 «|| 
0.15 0.08589 | 0.07986 0.07802 0.07878 0.08480 0.00188 4 
0.10 (0.07262 0.08669 0.08005 0.08482 0.10108 
0.05 (0.07979) 0.08417 0.08855 | 0.00202 | «0.10166 | 0.11088 
0.00 (0.08698 0.09167 0.08685 | 0.10104 | 0.11979 
In order to show the application of the foregoing method of analysis al } 


a * effect of va varying the proportions of the pier, two examples will be ‘solved : 
and the resulting influence lines compared with the influence lines for fixed 
arches. - ‘The proportions of the pier in 1 the first example are more slender ye 


- been kept t) the same, but the pier has been doubled i in thickness for the purpose 


bringing the 1 proportions within the limits practical The second 
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TABLE 4 all 


10.9 


Pri 


= 


— 
— 
1 
—— iia 
—— 
| | os | om | 
=. 0.00108 0.00180 — 
0.00820 | (0.00811 
4 0. 00985 “4 0.01010  Q.01148 7 
0.000000 | 0.000000 |, 0.000000 005 
0.081880 | | oy —' 9.04278 — 
0.085085 | 0.038900 | 0.087875 | 0. .. 0.85 
‘ 043467 | 0.044500 | 0.045588 0.051469 045 
ve ; | 0.045888 | 0.046875 «0.047 


1112, 

system has also been analyzed by an approximate method and the influence 
dines compared with t the results of the more exact method it in order to deter. 
mine the importance of the errors ‘introduced by the approximations. 


{ 


eon 
the. ends ibe pier, 


By 


i 0.1 | 0.200 | | 0.23 | 0.4 0.50" 


| 
| 


1.00 | 0.00000 0.00000 «(0.00000)» (0.00000 (0.00000 
0.0024 0.00484 0.00885 0.00886 «0.00888 | 0.00867 
0.00 | 0°00880 0.00856 («0.00008 0.01080. 
085 0.01180 | 0.01927 0.01273 0.01819 (0.01504 
0.80 | 0.01498 0.01551 0.01608 01657 0.09768 | (0.01860 
0.01706 0.01888 0.01880 0.01987 0.02081. | 
0-70 | 0.01981 0.02089 0.08088 0.08156 (0.02880 
0,600 0.088 0.08104 | 0.08518 | 
| (0.08868 0.02828 | | 0.02651 
0.50 0.08844 0.08386 (0.08500 | «(0.08008 
045 (0.08150. 0.02850 0.08209 0.02808 | (0.08486 
0.40 | 0.02009. 0.02102 0.08149 0.02242 9.02885 
0.35 0.01828 0.01913 | (0.01987 0.02042 0.02129 
0.01690 «0.01729 (0.01807) | (0.01885 
0.95 0.01872 0.0140 | 0.0 0.01611 
0.00 0. 0.00000 0.00000 


Beample system used int the first example i is in in Fig. 16. ‘The 

ibs and pier are assumed to be 1 ft. thick in the direction normal to ‘the < 

plane of the axis. base of the pier is fixed rigidly, as are t the outer 

od ends of the ribs at the e abutments. The ribs are the same as were used in the = 

~ examples of the writer’s paper on ‘ “Design of Symmetrical Concrete er 
and detailed dimensions are given in ‘Fig. 19* therein. effect of rib- 

shortening has been neglected in these examples. | 


‘The properties of this rib are, as follows: 


100 ft. - = ge 399 in.t = 0.309 ne 
r= 16 ft." 24 560 int — 1.185 
= 0. 339 cos = 0.769 + = 71.85 ft. 
Transactions, Arm. . Soc. C. B., Vol. 88 (1925), p. 961. 
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(Equation (27)). 


| (Equation (28). (Bquation (29)). 
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— 0.067 18 
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> ‘Increasing the moment of inertia of the conerete 10% a4 allow for re for reinforee 


y’ dw = 0.3383 x — 204. = 
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dm: 
(11.85 x 21.73) — 
By — 21.73 — 5.67 — 
The reactions due to the loads can be determined by Equations (5) 
i and @. gives the computations. From Table 1, C, is 0. 2004, 


pat 


Co 


(From Table 2). 


228%) 


0.08700 agi barn mg bas 
; x The influence line for Hp w head next be determined by Equations (17), — 
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or 


100 x 225 
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prog — cen te sear 
value of C from Table 18* of t the previously men ‘mentioned, 


Walon 
as is 0. 0408 and ho wie: of On are taken pw ed Figs. 28 to 32+ of the = 
paper. is given by ' Table 3. iT he ‘computation of Hpi is given in Table 8. 


cc 
Hr 
.= fae Hp= —4 


(Table 8). 
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ae 
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ena 


moments and thrusts produced by Hp are found 3), 


which were derived for unit values of Hp. These are given in Table 9 


= 


all Mag= Hp 


oy. 
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4 he influence- line | ordinates for. Mp’ ‘are next compa ftom (14): 


2 
+ 73 5.67 


e computation of My’ i is given in laity also, ‘the ¢ effect of Mp’ fron 5 


Transactions, Am. Soc. Cc. E., Vol. 88 991. a” 


na 


— 
— 
— (18 | 
al 
= 
_ 
— 9.0000 | 0.000 | 0.00 | 0.00 | 0.00 — 
9 | 0.0088 0.0282 =| 0.102 0.378 2 — 
8 — 0.00088 0.08286 | 0.868 1.845 10,64 
— 0.0182 | 0.15900 | 0.700 | 
— | 
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final value of moments for. IT loading are obtained 


by adding together the partial values for loaating, Hp and My’ 
= Map. +Mam+ Man 


_ The moment at the crown se tion has also been computed from the 
al? 


For end op span all 
ie sie are the same as corresponding values for the left- hand span with the Be 
changed. The values given in ‘Table 11: for | Case I “were obtained by 
ay by 2 the corresponding values found for the fixed arch rib in the 


‘The sums of the values for Case I and Case are ‘the values” for the 


plotted i in n Figs. 18, 19, and 20, the corresponding influence lines 
for the two solutions of Example IT and for ‘the single-span fixed arch. Fig. | a 
16 shows the reaction lines for a a load at three different pe points on the left- hand 
Example II. —A complete s has been made for a two-span system 


| 
similar to that treated in Example I, except that the y pier has been made twice — 
Transactions, Am. Soc. c. 88 (1925), Table 19, P. 
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= 


as thick. The ‘Properties of the ribs remain the same 
x 
3 ED dw = 0.5555 X = 


fort aw = 
— (71.85 X 21.7 
fo 


ahs 


ry 
Or 


= 1.10 ft. 


} 
“This value is “very much tha an that i in previous example. The size 
(h+b may be used as a criterion of the importance ‘of the effect 
< of the elasticity of the pees It should be noted that with a perfectly Tigid Pier, ti 


- 


as are the same as those for the 1 
are plotted i in Figs. 18, 19, and 20. 
4 Example TI. —A proximate Methods.—The ar arch system of II will” 
: be analyzed by a simple approximate m method, which appears to give results 
1a that are reasonably close and | err on the side of 
-s _ ‘The effect on the arches of the elasticity of the pier is to permit the end 
of the arch. ribs at the pier to move horizontally without vertical m movement. 
‘This decreases the horizontal thrust in the loaded span by an amount, 4 
and changes the bending ‘moment by. an- amount, A Hy. If H’ and Mo’ are 
a the horizontal thrust and moment » Fespectively, at at any Point in the arch rib- 


its ends are fixed, the corresponding values w = be, 


This assumption is made on: the ell as r the span. 
rtical reactions is 
the 
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ANALYSIS CONCBETE ARCH SYSTEMS <n 
in the ‘adil span will be equal to the i aaa in the unloaded span, ‘ 4 


able ie is true ‘ue because th the increase in length of the loaded span is the same a 
the decrease in the unloaded | ‘span, , and, as their ‘resistances equal, the 
“rues of 4 H must decrease in the of the unloaded 
span 


is equal to the mov ement ot of the of the pier. The forces acting 
on the pier will be assumed as shown in Fig. 17, and the displacement will be 
computed a at the ‘springing line, B. x 
‘The reason for these assumptions should be noted. "Actually, the resultant 
_ thrust from the loaded span does not follow the horizontal gravity a: axis of the 
ribs but intersects the p pier axis at some point below, depending on the po posi- 
tion of the load. — For the position at the crown at which the load produces 
the grea greatest thrust, the resultant cuts the } pier axis not far from the springing 
line. The average position of H , therefore, could be assumed to be at the 
thrust. in 
. ‘the sib | is not the “displacement at B but that at B’ which lies on ‘the hori- | 
zontal gravity. axis of the rib. On account of the bending of the pier, the ¥ 
displacement at B’ is ‘greater than. at BL It would be proper, therefore, to 
the thrust, H’, to act at B, ‘the thrusts, 4H, to act at B’ and to com-— 


pute the displacement at B. However, the displacement | at B’ produced by H’ 


5 acting at B is the same as the displacement at B produced by H’ acting at BY. oe 
It would, therefore, give the same results be use the displacement at B pro- he ‘ 
due ed by H’ at and 2 4 H at Bo he sake of simplicity. the thrust, 

2 4 H, is also assumed to act at B’, but ‘does not introduce a event error 


as 4 H is ec comparatively small. This” error tends to compensate that intro- 
duced by assuming the thrust, to act at at the springing Tine. 


‘T he on the pier from the loaded | span be (1 + 4 and wit 


"thrust from the unloaded span is — 4 ai; which likewise acts along the ede 
zontal gravity axis of the corresponding rib. For the p purpose of determining 
the deflection of the Pier, the any se section of will be, 
_ The horizontal L Genlncement due to > the elasticity of the foundation + will be, 
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of it was found 1 that, 


‘Then, as s the end of the rib i is attached to the end of the pier, these displace- ‘ 


yd w = + LQAH 


= | 


“The value of Kr . 


‘The value of the integrals can be taken from ae Re aa 
‘moment at the top of the will be approximately, j 
and at the foot of ‘the pier, 


= Mp +24H1 ae 
p= Mp ) 
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Bangle: of Approximate Me thod, Two Spans. —This 2 approxi- 

mate solution will be applied to the system of Example | Ils so that the results Z 

may be ‘compared with those given by the more ¢ s found — S-. 


1 487 J 
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xX + B= +30 


7441616 
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value ‘obtained by the accurate method was 1.434. The of 
a line ordinates for the moments and horizontal thrust are given ee 


Table 13. The vertical reactions at are. ‘assumed to be the : same as for the pene 


Ai 3 The influence lines found by this $ approximate 1 method are plotted in Figs. e 


18, 19, and 20, and show a fairly close agreement with those obtained by the JB 


other method. should be noted that the Proportions of the system analyzed 
are ‘unusually « slender. The pier. is unusually high ‘and the arch ribs have a eT el 
low rise; also the width of the pier has been taken the same as that of the 
arch ribs. If separate ribs are , used the pier will be wider than the ribs and 


the relative stiffness of the pier will be increased. As the valative stiffness 
the pier increases and its effect on the : stresses in the decreases, the 


of the foregoing approximate method increases. Iti is suggested that 
— * might be used to indicate the seghiote of the effect of Pe 
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| The e computation of this value will give some idea as to whether or not the. 
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ANALYSIS OF con CRETE ARCH SYSTEMS 
Approximate METHOD FOR Any Number or Spans 
only the two- span system | has been considered. If an arch system 
‘ene eduaianed of a number of spans, and all the | piers s but one were ‘considered to 
SS be rigid, the methods previously | presented could be used to determine» the 
et effect of the flexibility of that one pier on the adjoining spans, assuming that 
a the outer ends of the spans are fixed. If the ‘approximate method i is accurate 
enough to determine the effect of. this | one pier, the assumptions on which 
ex ey ot ther pier or the simultaneous effect of the flexibility of | all piers, ‘provided, of + 


course, that the spans. are similar and the proportions of the p piers a are about 
a 


= ‘The w: writer believes that an approximate method for systems with several — te 
spans, based on the ‘same assumptions as those herein for the two-span 
‘system, will have the same degree of accuracy ¢ as the latter and that the same 
| 
value of that was for the two-span system can be used 
an indication of its cuitabilit lity. If this is. true, it provides a simple 1 method 
of determining the limits within which “the approximate method may be 
used to obtain results of the desired degree of accuracy. An ‘appeoriagll’ 


method for the e analysis of 1 systems of several spans will 3 now be derived from é 


ave 


‘the | same assumptions as were used for the two-span system. It is not 


= 


an ‘roe. based | must be suitable for determining the effect of the flexibility of any” | 
te 


Amines 


sary that all the spans shall be the sam In to general formulas, 

= = in length of the ‘Span of the rib by a unit 4 
= : horizontal ‘displacement of the right- hand support of 
by a unit value of the horizontal thrust. 
Be os displacement of the left-hand support of ri 
produced by a unit value of the horizontal th 
horizontal thrust for the ‘arch rib with fixed ends, 
thrust for the arch rib with elastic supports, 
A Hi is change in horizontal due to the elasticity of he 
ports. a The change i in span length of the arch rib, dus to the flexibility of 4 i 


The sum the displacements of: the two two supports is, is, 


| 


= (H+ 4H) (8 (8 +8) 
These two quantities must be the same, 


= H’ (6, +6) + 4 


7 
ye 


- 


4 

ite: 

and, 

a 

— 

— 

q 

q 

— 

#8 «CFT +s 

— 


4H= 


given the 


Referring to Fig. 21, at the horizontal, displ acement of 


de ft maps, L, of the loaded span 1 when H = = = 1, will now be | determined. | ese 


gia da us 


‘The displacement of the right end of the rib of Span 1 willbe H 6,, due 


to the yielding of its left-hand support, L,, pies to the shortening 


The terms, 6,, and buy have th the same meaning in regard to Span las 
and 8; have for the loaded span. 

Pa If 8p; is the horizontal Gidaiedinian ad the top of ‘Pier 1 produced by | 


unit value of (H — H 1), then the yielding at L will also be 


As the displacement of the pier top a the same as that of the e end of the 


+ Vol. 88 (1925), p. 945, Equation (208). sd 


to — 
— 
— 
— 
If it is « 
— 
| 

q 
= 
a | 
| 
ib 
the 


¥ 


‘If all spans and are iden ete, are all the e same, 
“4 


Since H is 


can heed. to a sy of any number of sp: spans, 
ts Starting at the left, abutment, the values of of in are computed 
loaded span is reached. ne The sai same 4 is to be followed 
ras the ‘Tight abutment to obtain the value of ‘Br The value of H is then deter- a 
‘mined and the thrusts in the unloaded s spans are ‘computed successively back 


: ‘The forces acting on the pier are 
ideale in Fig. 22. When (H — )= = 1 the moment at any section of the 

J a. then, the charg? Mo = (h arr y’) ol ud 
The displacement of the pier- head, will be (considering a also” the pele 


D 4 

Mo ( + Mp he’ = ~y’) (h—y’) dw + (ht 
ch was placed equal to K. See Equation (33).) 


en, 8p, = K, and 6, he 
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ANALYSIS OF CONCRETE ARCH SYSTEMS 
conchusige: by the. writee from dria te that for acy 
After the horizon rusts have been oe tained, the bending mements are 


up 
‘found in —_ same manner as that used or solution n of the tr two- “span system : 


Vertical reactions are assumed to be a same as for fixed ribs nh 


she: theme 


— j 
Application Two! System —Applying the formulas to 
-two-span example with a load on the right-hand d span, rok 


As the right support of the loaded span is fixed, Ay “alqarexs & ai bormuean 
4 op Paw+s, fy dw + 2K, 


— 

— 

4 

thy: 
+4 
— 
J “4 
ut 
Be 
 Numeticat Liampie.— ihe general method Wi 
od will now be applied to-a system ae 


134 

alues of 1w and K are equal. The thrust oar by 


center spa — will be determined. 4 


¥dw 


- 


8 
808 0. 2135 


0; (8,3 + <0 0.2135 (2 974 +0) 
= 0.1828 (2 974 + 636) = 660 
ann = 
2974 + 660 + 808 
= 0.1820 (2 974 + 660) = 661 = 4, 
2974 + 661 + 661 
H’ — 0.308 H’ = 0.692 H’ Bean. 
= v, H = 0.1820 x 0.629 H’ = 0.126 H’ 
2 = 0, H, = 0.1828 x 0.126 H = 0. .023 H = 


= o, = 0.2135 x 0.023 H’ = 0.004 49 


¥ 
4 es 


This shows that, for a system with piers of ‘the ‘diel — 3 


in the example, t the > horizontal 1 thrust is little affected by the 4 
— re sideration of more than one span on each side of the loaded span. The e value 


of is — 0.2995 fo for the three-span ‘system as against 176 


than in the ‘There would, therefore,’ be less bending of the 


5a os in the former case and the error would not be proportional to the 4 


value of 4H. With somewhat stiffer piers, the value of 4H would be smaller 


| Baus the #6 of the second om from the loaded open would also be reduced: 


Sos 
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The conclusion drawn by the writer from this is that for any system to re 


. approximate method is applicable, it is necessary to consider the efect 


_ fj of only one span on each side of the loaded span, except when the | end span “a a i 
Da Ses in which case the effect of the two spans at one side should be — ‘ 

s 


“Considering three spans to the side, of eiavinna slelqinos 


H=- 2974 + 661+ wig old fits 


| a ahs: effect of rotation of pier- -heads could be neglected without serious ae 
error, the value of In the case of the more flexible 


ye 


Loom which he analyzed, —————— was 1.79. In the writer’s Example I, the 
1.05 = .628 these latter cases would the 
“approximate method given herein be satisfactory, and in order pa 
results close enough a practical design it would be necessary to use a more 


(curate te method. bases were considered fixed. “The 


; duce. as great an error as bending of the pier the center 
of rotation is farther from the end of the rib and the horizontal displacement 
is proportionately larger. gi Therefore, if the effect of rotation of the pier base 


is considerable, a large of is not necessarily indication that 


q the approximate method here presented is not suitable. "This method might 
ive very accurate results for a system with tall ‘stiff piers on frictionless 


hi way" at the base, although in that case the value of s would be equal ie 


Be ‘For such a case ‘the value of s celta with ¢ placed ‘emnal to zero would 


“fails” to take into consideration | the bending moments "produced i in ‘th e arch 


be some indication of the size of error introduced. 7 The approximate Lagu a 
ribs by the rotation of the pier-head; when (h + b — s) is small, ‘this rota- eA * 


tio 8 sli ht. 


4“ 


The writer believes that the data in Tables 1 to 6 make the of 
; the: accurate method presented herein for the analysis of two- vo-epan & arch = 

tems s so simple that the use of an approximate method is. unnecessary, except ie 


= perhaps for the preparation of a preliminary design. This accurate method 
also ‘provides an easy way to study the effect of the elasticity of a single pier 


of varying proportions so that the designer may form an idea of its = 


i= 

— 
~ 
— 

— 
— 
a 
iv 


ANALYSIS’ OF CONCRETE ARCH SYSTEMS 
and “may judge the accuracy of the approximate methods 
applied to ‘systems of several spans. The influence which the elasticity of 
th: bs the piers will have on the design of the arch ribs will depend ‘on the relative 8 
 importanee of live and dead loads, as well as on the proportions of the: piers 
and ribs, ‘80 that the preliminary design will be largely | a matter of judgniént, " 
ae fixed-end rib design may be used as a basis and the thickness modified to 
suit the particular condition: cary ands bauot 
ee As all arch-ri > design i is a matter of trial, the e writer r feels that the methods ods 
<a of this paper and of the one previously published* are of great value, because 
= they permit a complete ; analysis to be made without designing ‘the rib in each a 
case. It is merely necessary to establish the span, rise, and loading and select 
suitable values of m, N, I,, and I,, which then fix all the characteristics of f the 


g Be — The design i is ‘completed after its” suitability i is determined. ' This is par- 


tieularly. advantageous in the case of multiple- arch ‘systems | ‘in’ which ‘the 
charscteriatics of a ‘number of spans, are involved. — 


di 


The approximate method presented will ‘probably be sufficiently accurate 
for most practical cases, but the designer sl should determine i in each, 


sz 


= te whether or not it is suitable. The test suggested by ‘the writer, eonstatien: of —% 


the computation of the value’ should “be in this 

if properly he large number o variables in bridg esign 

~ 
makes: it inadvisable to draw too definite conclusions, but the writer h opes 
a that a discussion by engineers who have had. ‘experience in ‘the esign a: 


multiple- “span arch bridges w will the limits w within which | the 
the analysis: of systems of than two spans when the piers are 
flexible, or when there is doubt as to the sufficiency of the "approximate 


~ 
method, the writer would suggest the use of the method given. by Hardy 


Cross, M. Am. Soe. O. in connection with one similar to that presented 
bd J. Melan.t Professor Melan gives a method of analysis ‘of single-span 
cribs with elastic ‘supports and Professor Cross shows how to determine the A 

elasti¢ ‘properties of the ‘supports of any rib ‘in a series of any number of 

spans. Using the elastic characteristics of arch ribs presented by the 
4 writer, these methods can be applied to obtain an accurate solution without — th 


3 ‘the ‘analysis of three- the writer has developed a means 
is design in the same way as for t two spans by the accurate method. This 


‘ ‘The writer is indebted to W, Fuller, of the Division of F 

= ™ + “Plain and Reinforced Concrete Arches,” by J. Melan, translated by D. B. Steinman, — 
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Hanoy, Cross" M. Aa. E, (by letter),—This paper has realdesign 
yalue. The importance of studies in continuous arches is beginning. to be 
_ realized, but there i is still a wide gap between methods of analysis: for 


& General Form of Influence Lines rehes.—The 

questions are that occur in in the ap 

—When en and where here should ‘such structures be built? 


2.—What are the ‘proper proportions of piers, span, and rise ? 


3.—What points are critical in ‘the design of such structures? 
4- —How are these ese problems most ‘readily analyzed? 


vsual, sequence of in reverse order to 

Lines—Qualitative Studies. for ‘the general» action 

- arches on slender piers, _ the influence line for the crown moment, say, may be 


‘the pier tops; and, 
be. (c) The influence e line fo for the effect of rotation of the pi pier tops. ae 


_ The effect t of pier rotation is less pronounced than that of pier deflection. 4 


be ) influence line for fixed 


a as shown in Pig. 23 (a). It is evident that the’ piers are pulled inward in all ; 

spans on either side of the span considered, causing the Ting to 

(plotted down. for; graphic. reasons) in the s span considered and to drop in all 
spans on either side (negative influence ordinate). The eurve of rise or fall; 
if-it is assumed there is no rotation of the pier tops, has the shape of! ‘an 


influence line for crown thrust, but the ordinates become smaller outward from — er 


Similarly, Fig. 23 (b). shows the. two important constituent p ‘parts of the 


‘influence line for moment at the springing line, the influence line for fixed- . : 
conditions, and that for. ‘the effect of the reduction in crown thrust. 
This, again, shows the tendency to produce an influence line with all ordinates — ‘ee 


as ©. 


a It is not difficult to see that the effect of pier rotation, will be to mamta, “ie 
‘ig 23 (a). and Fig. 23 (b) somewhat as shown in Fig. 23 (c) and Fig.. 23 — 

. The Approximate Method of the Author. —The approximate method given a 4 
“4 wy Mr. Whitney for determining the change in erown thrusts seems tothe 


= the port valuable part of the paper. This method consists of a assuming ee ay 


portioning. In-estimating the effeet of continuity the changes in the 
_sontal reaction are the most important consideration, the rotation of the pier _ 
— 
lion OF Larus (2) and (oO) olves al for 

4 

f 


the chi span in ‘the arches to be due entirely to a 


Sete along the horizontal neutral line of the arch and that in the pier, toa 
ee er, thrust along 1 this same line; and then of equating the displacements at the pier 
ey z zi top. - This assumes that the springing line of the arch does not rotate, but thet 


: — the top of the pier is free to rotate. This is inconsistent, but seems to give 


Mis 


te 


rote 


x 


bas? 4 As the author points out, a tremendous amount of work is neauiielll to 

a determine the limits within which this approximation is ‘satisfactory and : aloo 
the limits within which the consideration of only three spans is satisfactory. 

- He suggests that the eriterion as to the value of the first assumption is to be 
found in the value, (h ++ b— —.s). The writer has no good substitute to offer, . 

. and yet he ventures the opinion that the definition of the terms used | in this 
expression might be made simpler. — 


tance from springing line of arch | to horizontal neutral me are clear 


Eich enough, but 8 is defined by a long expression for ——. 


eats 


oh z The writer has roughly applied’ this approximation to continuous a 
.” systems on which he has collected data, and had wage to compare § systema matically 


te at the exact with the. approximate results in these cases. 


; | ordinates for crown moment in one case, however, is given in Fig. 24. “ 


Apperently, in practical cases, the approximation indicated may ‘well b be 4 


4 used design, the final design being checked by more 


than o one- e-half ‘tre 
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— than in fixed arches, the live load stress is less _._ 
and the effect of errors is diminished according | 
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SS ON ANALYSIS 0 wennrs ARCH SYSTEMS 
zact Method of ‘Analysis. —The exact. analysis: indicated by the 


ey referred to by the author , is based on the idea that the action of any — 


elastic body under the influence of terminal forces can be completely described 


cman applied to it; (b) the } parameter of the value of this rotation for a 
unit terminal moment; (c) the horizontal displacements of this center for 
8 a unit horizontal force and for a unit vertical force acting through this center; 


and (d) the corresponding vertical of 


vw oi ly to natty 


f 


dow 

| 
| 


Mig of! to taiog mort op i 


Determine ‘the: elastic properties of end spa 


elastic properties of the arch under consideration and of two equivalent 


7 elastic piers on which it is regarded as resting. The solution for stresses in the 7 ee 


span then may be made by the usual methods. 
‘This gives an exact and definite procedure ; the expressions» used | ar not 

very formidable and may r be simplified without appreciable loss of accuracy to © 
convenient solutions. The properties of each arch in the ‘series are 


“systematically determined and from these the stresses in the - various arches. 


—— 
— 
to a — 
pie 
that 
aK 
— i 
yom 
be 
is 
Lie ae 


1e exact 


1e moment of inertia of the elastic weight of the pier 
for system shout a horizontal axis through its” _ net tral 


the moment of inertia of the elastic weight of the ‘decivalall 
arch for the system about the axis conjugate to t the vertical — 
r axis through the neutral point of the combined arch and pier 
{ (about H,/-H,! in Fig. 25). Note that the arch | becomes un 
s ~ symmetrical when the pier o on one side is combined with it 


4 Bee the equivalent piers on either” side are not alike; or 
- —* , in which I,= = the moment of inertia of the ; 


of the rie arch about a horizontal axis through it its neutral — A 


equivalent arch about a a vertical ‘axis through: neuteal 4 
oint. th tibet of 


y, 


yertical distance from the neutral point of the pier 
the neutral point of the equivalent pier. ‘Trai 

y' = the vertical distance from the neutral point of the actual pier 

in which, y Yay — the vertical distance from the 
point of the actual pier to the neutral point of the equivalent 
arch; Lng = the horizontal distance from the neutral point of the, 
equivalent arch to the neutral point of the actual ‘pier; and 


and. I, are the same as previously defined. 


cide! = the e total elastic weight of the equivalent pier. alde wis 

= ‘the total clastic weight of the aetual pier. 
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OSS ON ANALYSIS OF CONCRETE ARCH SYSTEMS — a 
Arch 0 ‘Equivalent. Elastic: Piers—The- properties « of the arch on “equiv- 
may be expressed in terms of J,,'J,,Z, and W,, in which 


I, and J, are the moments of inertia, _reapectively. aboot! the tortion’ and 


‘horizontal axes through the neutral point of the equivalent arch, of all the 
dastic weights including the equivalent piers on, each side of the span in 
question; Z, is the product of inertia of all the elastic weights. about asia ie re 
‘teous horizontal and vertical axes through the neutral point; and W, is fe 
“total elastic weight of the arch and equivalent piers. 


_. The value. of each of these functions may be stated in ‘the following ; geilesl a 
2 


BI, +. 


Wy 


: ye 


0 


| 


equivalent pler 
center of 


As noted in Fig, 2 


and E, = the c0- co-ordinates of the neutral point of the 


system with Tespect to the neutral point of the 
arch ¢ as the center of co-ordinates ; 


through the n neutral point of the system em makes with = 
the horizontal axis through the same neutral point; BP.” é 
the horizontal and vertical “@istances; respectively, from 
the neutral points of the equivalent piers to the neutral 
pdimt of the fixed arch) 


: 


4 
“a 
al 
< 
== 
—— 
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_ When the critical ‘arch is span of a symmetrical 
i equivalent elastic piers on either side have the same properties, E, = 0, and ¥ 
Equations ( (47), (50), and (51) simplify to the following: 


tg influence ordinates, for moment, the thrust, H. H 9, and the 
3 = ay 5 vertical shear, V,, at the neutral point of the arch on elastic’ on are then 


3 


determined, as for a symmetrical case (see Fig. 


ee 


+ 


W, 


-_ 


> 


ave the typical equations for the neutral point method. notation 


gw = horizontal distance from the neutral point to the ‘aden weight 
= horizontal distance from the load ‘point to ‘the elastic weight 
ander consideration. #90 _ tang ages — 
= horizontal distance from load to the neutral point. ‘ 
y = vertical distance from the neutral point of the system | 


the elastic weight under consideration (= for the pier). 


Method of Analysis.—An approximate method of reduction! | 
5. a as been developed which considerably simplifies and shortens the process ft 


a. ‘computation indicated by Equations (44), (45), and (46) and yet is exact 
for all practical purposes. In Equation (44), =d J, for the 
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-jnertia of the elastic weight of the equivalent arch about a horizontal axis Ray 
through the neutral point of the fixed ed arch. 
4 In Equation (45), ¥ is made equal to y. This eliminates the correction * 


"equivalent arch to the ‘neutral point: of ‘the pier. However, in 
_ approximate method, y is taken as the distance from the ‘neutral point of the 
fixed arch to the neutral point of the actual pier. ya 


_ The equations for the approximate ern then be re-stated as fol- 


A Bran Other Considerations in Continuous Arch Studies——Thus far this dis- 
S purus has dealt entirely with the solution of a problem i in 0 mechanics. ‘The 
engineering problems involved in the design are much more 
Precision in the solution of the problem indicated in mechanics is not very 
valuable in any particular. case unless some estimate can a be made of (a) the 
2 lines of distortions of the pier foundation; (b) the factor of ‘safety to be aye 
provided for highly improbable of | load and 


the effect of the floor system. wosle tow 4 Yo 
_ Foundation Distortions. The effect of foundation distortions is not dif- 


“feult to include if one has any idea of their value; but the Prediction of these 
neering. unlimited variety” of frendation nditions for different strata, 


for strata ¢ of different thicknesses, and f for the s¢ same strata under different con- Ra 


the t This clintinates the use of the correction factor, “2. although J 
nd — 
— 
— 
59 — 
q 
the 
iii 
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ditions. of “wetness, makes the collection of adequate data almost probibitiy 
because of the time and money required. Furthermore, the absence of any 
_ workable e theory as to the laws governing these distortions makes it difficult ae 
to use the data for any nls stratum. It is not to be supposed that if a preaeute 
of 4 tons per sq. ft. on 100 sq. . ft. causes } in. of settlement, a pr essure of 2 


tons: per sq. ft. on 100 sq. ft. will cause in. of settlement, and i it 


2 ‘2 a a pier may produce at the > pier top a displacement several: times as great as 4 
the elastic distortion of the pier. Preliminary. reports on. ‘the work of W. M. 
_ Wilson, M. Am. Soc. C. E., at the University of Mlinois, and of Clyde T. 4 
Morris, M. Am. Soe. E, at Ohio State University, indicate that this 
occur, but their ‘Meagurements were on the effect of loads of considerable 
 duration—dead load and temperature. effect of transient live load would 
‘not be so great. 
In a continuous series of arches, e economy based on the topographic condi- : 
- tions and esthetic considerations usually indicates that the span lengths shall ‘d 
not be equal, but shall | decrease toward the abutments. In such cases if the * 
dead load thrusts. are balanced at the pier heads, the temperature thrusts are 2 
i unbalanced and vice versa, heal if the thrusts are balanced, the moments at on 
pier heals ese The unbalancing of the moments is not very 
important, but unbalanced thrusts are very important. 
> Probably a safe and sane treatment of the problem is to —* any 
- unbalanced thrusts from dead load and temperature throughout the series, 
thus neglecting any resistance from the piers, and then to neglect the effect of 
i wer sy distortions on live load stresses because of the transient effect of 
addition to giving much time to the study of 


existing data on arches and especially on multiple writer r has had 


lines and maximum stresses for different } pier Thi 1924-25, Mr. H. 
_ ‘Wessman extended the work previously done by Mr. Straub and mor stadia 
" of the probability of 1 the indicated live load conditions and the effect of these 
conditions on the design. This investigation resulted in a set of specifica: 
Meme ‘a tions for computing live load maxima, together with a simplified procedure of ; 
aie. computation of which the approximate method indicated is a part. Perhap 
the most interesting part of the work was in showing the wae" burden which 
a could be put on the design by a too literal interpretation of influence lines. ; 
certain: conditions, the pier would required. to ¢ carry as a 
= cantilever beam unsupported by adjacent spans nearly all the full live load 4 
of one ‘span. Iti is easy ‘to: see see tha at this is a tremendous burden, 


lines indicated for exact analysis, determining the 
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a * wee also cause } in. of settlement. Existing ideas are so vague as to have prac- < Te 
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“There is, however, an unfortunate tendency in the literature of 
structures to assume that the construction of influence lines gives a complete ep 
“solution of design problems, whereas interpretation of these | graphs is a much oe 
“more difficult problem, and an influence line not properly interpreted may 4 


become an expensive luxury to a client. 
Economic "Proportions. —In 1925- 26, Mr. E. A. MacLean (mow. ssociate 
Professor of Civil Engineering at the Agricultural and Mechanical College 
Texas) took 1 up the study of the economic proportions of continuous arch 
series, investigating ‘twelve different combinations of pier proportion and rise Foss 
ratio. This problem, the ultimate aim of | structural studies, is one of great 
complexity. ‘Yet, Professor “MacLean was | able to lay down certain tentative 
‘Principles to guide the designer. - That the rise ratio should increase with the r J 
> 
r slenderness was, of course, indicated from the beginning. 
of ‘the’ Floor—The “writer has in “hand extensive studies the 
first object of of which is to determine the desirability of considering the effect 
of the integral action of the floor and arch r ring in : fixed arches and « especia ally 
the effect of expansion joints in the floor. Later, it is intended to study the — 
influence of the floor in continuous arches. In the case of | fixed arches, the = 
question of considering the floor is apparently one of e economy, because (except ie 
in 8¢ some cases for the effect of improperly located expansion joints on tempera- 
ture stresses) no danger is to be expected from neglecting it. In a continu- ef 
ous arch series, on the other hand, where the spandrel posts are stiff, neglect — ES 
q of the floor invalidates the whole computation. _ The controlling element in ae 


‘the analysis of the continuous arch problem is the distribution of unbalanced 


Correlation of Data. s arch series offers 

of economy and graceful beauty which are unusually attractive to bridge 

engineers. The p problems involved, however, are complicated, their study 
_ Tequires both time and patience, and a synthesis of the results is not to be made Bi a 
hastily. Many existing series are neither economical nor beautiful, and past Bie: J 


onl cannot here be considered to be a good guide to future. performance. __ a 
It is, therefore, of the greatest importance that the principles be laid down 

. after full and careful discussion by those who have studied the problem i 


tensely and not by hasty dicta or arbitrary dogmas. proves We, Tans, 

‘at Cleveland, ‘Obie ss 

s. Wurryey,* M. Am. Soo. C. E. (by letter) 

au Professor Cross is sincerely | appreciated because of the. amount of — 

involved i in a careful discussion of such a paper. On account of the general soee 

tables (Tables 1 to 8) the methods presented can be applied with much 
= ease 


‘The of ‘in ex ression is very readily fe 


Equation (12) and Tables 1 and | 6. This term may be cescribed as the 
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rib and pier system. The, expression, is, therefore, the wan 


tient of the vertical ‘distance from the neutral point of the single arch rib : 


Pg to the. neutral point of the two-rib and pier ‘system divided by the vertical | 


distance from the neutral point of the single arch to its ‘springing line, 


This obviously. approaches zero as the stiffness of the pier increases, and 


the smaller it is the less the effect of the bending of the piers. 


Professo ssor Cross has has mentioned enough of the unsolved problems -encount- 
. ered in n arch design to indicate that the single arch and the continuous arch 


are onl] sharp tools which must be intelligently i in the light of experience, 
~ 
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BERS? 

q GQUIELIAEM AERTSEN, Am, Soe. E* 


Aertsen, the son of the late James and 


; “hertsen, was born in Philadelphia, Pa., on March 2, , 1855. He was educated 

at the Germantown Academy, an old and well-known preparatory. school, and, 
‘Tater, at Racine College, in Wisconsin. 
After leaving college Mr. Aertsen entered the employ of the Midvale Steel Bs 
Works (afterward the Midvale Steel Company) in 1876 as Assistant Superin- 
_tendent of the Forge. Two years later he and a young f fellow- townsman and © 

school classmate started for Oregon to raise sheep. After a short time at this 

work, he left the West and returned to the ‘Midvale Works, remaining until « : 

1887, first as Assistant Superintendent and, later, as Superintendent of the oa Fe 
- Works. It was while at Midvale that he laid the foundation for his Lgossp ae 

of knowledge of steel manufacture, his of ‘men, his 

1887, he was emplayed by ‘the Homestead Steel as 

tendent under Mr. Julian Kennedy. He remained i in this position until 1888, 

following Mr. Kennedy who then left the Company. Shortly after this, in 
1888, Mr. Aertsen was engaged as Manager of the Latrobe Steel Company, at i a 


Latrobe, ‘Pa, a new company, just organized under the ‘Presidency of Mr. 


4% 


in 1911 it - was as Consulting Engineer | on Railroad Products and their sale. _ — 


When this Company was purchased by the Midvale Steel and Ordnance ‘oe 
Company in 1915, Mr. -Aertsen remained with it in the capacity of Engineer, 

and, later, of Auditor of the Company. ‘The Midvale Steel and Ordnance _ 

bi Company was taken over by the Bethlehem Steel Company in 1923, and Mr. a 

Aertsen remained with that Company until his last illness. th, 
4 ‘He died at his home in Germantown, Philadelphia, on April 20, 1926, and _ ie 

is survived by his widow, formerly Edith Price, of Cleveland, Ohio, and 
two children, Mrs. Murray Watts" and Guilliaem ‘Aertsen, . Jr. test 
Mr Aertsen’s profound knowledge of metallurgy, in particular that of oes 
manufacture of steel products for railroads, made him a much sought- after 
man by the various technical societies of his calling. He was s connected with | 


tailroad world and when he the employ of the Midvale Steel 


the following organizations: The Engineers’ Club of Philadelphia, of 


oh was President in 1920-1921; the American Society for r Testing Materials, Bh 
which he was Vice-President in 1921-1923, and President in 1993- 1924; 
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MEMOIR ‘OF GUILLIAEM ARRTSEN 


American Institute of Mining and Metallurgical Engineers; ‘American Tron 
and Steel Institute; American Electric Railway Engineers Association; the 
Society of, Philadelphia; the National Geographic Society; 
~ Chicago Engineers’ Club; the Engineers’ sineers’ Club of New York; and the Union 


4 of Philadelphia, = point oi the 
Mr. . Aertsen had great influence over his men, due, first, to a keen insight 
into human nature; and, second, to his unfailing justice and fairness in his 


dealings with others. His judgment was sound and was fortified by a large 


4 a fund of excellent common sense. He was loved by friends sad Seapulila te by 


aa Mr. . Aertsen was elected a Member of the American Society of Civil 
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MEMOIR. oF GEORGE ‘ROCKWELL BASCOM 


‘Comte 4 


George Rockwell Bascom, the son of William ‘and Abby (Hovey) 


Bascom, was born at Bloomington, IL, on 21, 1882. He was educated 


of Illinois from which ‘be, wes. graduated: wi with of 


Science in Municipal and Sanitary Engineering in 1905. Mo. Tad 1468 Ste ey 
Poe In the summer of 1905, Mr. Bascom was employed by the Chicago Raginsie. e 


ing and | Contracting. Company, » and had the "engineering work on 


Y,, and Chicago, on various phases of municipal and hy draulie engineering 
During the following , winter, he served as Special Engineer for the City of 


Thence, until March, 1913, Mr. Bascom was engaged i in the private practicn 


and contracting, a acting as ‘the Heman om 


‘San Antonio, Tex., to take charge of ak hydraulic concrete v work for th the es 


From March, 1913, to January, 19 1918, he was Assistant Professor of 


: “Municipal and Sanitary Engineering, in charge of a Department of the j 

f ‘Extension | Division, at the University o of Wisconsin, Madison, Wis. 

he also served as Consulting Engineer for water- works and candidat: 

a In January, 1918, Mr. Bascom entered the Army as a Major in the Sanitary wees 
Corps, and during the World War acted as Camp Sanitary Engineer at Camp — 

i Arkansas. After” the Armistice he was sent to Washington, D. O, to 
in writing that part of the medical history: war, r, represented 


4 Beevice i in March, 1920, and on May ‘14, 1920, was commissioned a Lieutenant- 


Aes, as Branch of the Chicago District, ond con- 
tinued in that t capacity to the time of his death on June 6 UM or ; 
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He by his widow 
and two children, William Russel and Elizabeth Anne Bascom. 
3 He was a member of the American Water Works Association and the 


Wisconsin Engineering ‘Society and also belonged to the Phi Gamma Delta 


res Mr. Bascom was elected an Associate — of the American — of 
Civil Engineers on 1917, ‘and a M 
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HARRY AUSTIN BELDEN, M. Soc. C. on 


Diep Ocroser 30, 1925. 


_ Harry Austin Belden, the son of James Belden, was born on March 28. 


1865, at Wellington, Ohio. He 5 was graduated from the High School in his 
native town and spent one year at the Case School, of Applied Science, _ i 

‘In 1887, he served as Rodman and Draftsman on cable railway construc- 

tion for the Grand Avenue Railroad Company, Kansas City, In 1888, 
was emplo; yed as Engineer a at the Kansas City Stock Yards and, in 1889 = 
he again ‘accepted a position with the Grand Avenue Railroad Company a as 
Draftsman on cable railway construction. Later, in the same year, he was 
- similarly y engaged by the | Washington and Georgetown Railroad Company, we 
Washington, D. 0. li ke an fash toed bea 

to Kansas City in 1890, Mr. ‘Belden served as Assistant 


Draftsman in the City Besinees, Office, but, in | . 1891, , he returned to Wash- ; 
ington to serve again as Draftsman on cable railway construction for the sts 
Washington and Georgetown Railroad Company. Ini 1892 he entered the 

service of the Baltimore City Passenger Railway, Cowenns, at Baltimore, Md., 


& In 1894, he became Assistant Engineer in the Frog, Switch, and Signal 


_ Department | of the Pennsylvania Steel tel Company and, i in 1895, » was appointed ce 


- struction of conduit electric railway lines for the Metropolitan Railway Com-- 
pany of Washington, nis During 1896 and 1897, he served as 


4 
erection of the Union Passenger | Station for the Capitol Traction — 


Belden was connected with the National Contracting 
New York, N. ‘during 1! 1898 and 1899, as Engineer i in charge of construction 


of conduit electric railway lines for the Metropolitan Street Railway Com- 


oe of eleetric plants and tramways in ‘and Hong Kong. 


made many friends among the Chinese who called him the “Heavenly Light — 


_ to accept another in the Philippine Islands, as Superintendent of oe 
a for the J. G. White and ‘Company, of New York, N. Y., where his work — 


sisted of the construction of a street railway -ageteda, inclalide 40 miles 0: 
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on Hignth Avenue Line apove ovth reet and on the Filth Avenue 
icf 
ae Man”. After spending three years in China, Mr. Belden resigned his position $88 6§=§/—™ 
= 
q bd Memoir compiled from information on file at the Headquarters of the Society. 


CREA RLY PasCow 
MEMOLE OF HARRY AUSTIN BELDEN 
n electric lighting system for the! City/of Manila;! and ‘harbe 
contracts at Cebu and Iloilo. Works. 
‘Dering the World War Mr. Belden served as Chief Engineer on the 


- Margaretville, N. Y.- The change proved so beneficial that he was able ina 
short’ time to take charge of work in Porto Rico: the greater’ part of 
three years prior to “his death, Mr. Belden was engaged as Special Expert'i in 
the valuation of the properties of the Colorado’ Electric Light and Power Com: 
paniy, and spent’ most of his time in Denver, Colo. bend hers: on 
In 1904 he was married to Susie C. McCay, of Covington, Ga., 
He was a member of the English Club, of Hong Kong, the English and 
ae University Clubs, of Manila, and of the Engineers’ Ohib, of New York! | 
Mr. Belden had the gift for making true and lasting friendships, and, with 
. a mind enriched by the study of peoples and customs of the various ‘counttits 
visited’ during his extensive ‘travels, “was a most ‘delightful ¢ companion. He 
was passionately devoted to the Orient, took a keen interest in Oriental att, 
2 and had made an ‘interesting collection of Chinese | paintings and J apanese color 
a prints. He was an engineer whose professional integrity and’ devotion to any 
cs  unilertaking' ta his line of work: gave him a high standing in the | estimati 
of his business” ‘associates, and many of his ‘most’ enthusiastic friends’ and 
admirers were among the members of his profession. | 
ts Mr. Belden: was elected a Member of the American Society of Civil Engi: 
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MOULTON BURT, M. Am, Soc. ©. 


fur Agron Moulton Burt , the second of three sons of Dr. John Otis‘and Helen 
(Moulton) Burt, was born at Syracuse, N. , on May 1,1 , 1866. His father 


of Henry Burt who came from England to the 


chusetts Colony in 1639, in what is now Mass. and 
married | Eulalia -Marehe, 


The descendants of Henry Burt bore a considerable part in the 
ir Massachusetts and the neighboring Colonies. During the troublous years of i 
the French and Indian Wars and, later, throughout the controversy with id 
England, ending in the Revolutionary War, Burts w were found serving in. town — 
councils Colonial Assemblies; and Colonial armies. od 
Aaron Burt, great-grandfather of Aaron Moulton Burt, was a ‘private. Yo 
“Captain Nathum Ward’s Company, in in Colonel David Well’s regiment of mil- as 


-itia belonging to the County o of Hampshire, and participated in the capture 


‘Aaron Burt, grandfather of Haron Burt, at t the age. 18 


year resumed his journey to but, stopping at Oneida, N. to vit 

a ‘sister, gave up ‘the i ea _of continuing his journey and settled, first, in 

Manlius, N. Y., where, in 1815, he® "was married to Lucy Burke. After her 


death ‘he poe Eleanor Ross ¢ Otis. He was an industrious man a nd devel- a 


oped much skill in building © mills ‘which 1 were greatly ‘needed in that new 


‘country. _ With the means thu thus accumulated he purchased a farm near ‘Fay- 
etteville | where he resided for fourteen years. . During | ‘this period he repre- >! 


sented his district for three sessions in the State Legislature at Albany, becom 
ing intimate with Martin Van Buren’ and Henry Seymour among other diss $$ 
Early in the history of the Erie Canal he was appointed one of | its ts Super- be 59, SE 
‘and held that “position o “on the Middle Sections for many ny ‘years. 
Having acquired important interests at Syracuse, N. Y., he moved his fomily 
there and became identified with its « early history and growth. He secured 
ies tract of land in and around the city, much of which he bonnie 
to building lots and later sold. His own home occupied a commanding hill 
site among extensive | lawns and trees. As | Commissioner he took an active anal ; 
- in the construction of the railway between Syracuse and Utica, N. Y., now 
part of the New York Central System, between points: the 


‘was constructed under his He died in 1848, hav- 


ity earned the respect and highest esteem of his fellow elGsaia,? botnet 


* Memoir prepared by the following Committee of the Northwestern Section: Messrs. 
Louls Yager, M. Am. Soc. C. B., Chairman, J. L. Campbell, W. L. Darling, B. 0. Johnson, — 


R. Safford and H, E. Stevens, Members, Am ¢. and Re co 
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‘John ( Otis Burt; father of 
physician of Syracuse. He was graduated from in the 


; Class of 1858, traveled in Europe, and on his return began the study of medi. 
eine at the Jefferson Wyman Medical School, at Cambridge, Mass., and the 3 


* + a Harvard Medical School. In 1860 he entered the College of Physicians and 


eae _ Surgeons in New York, but, in the following year, aroused by the attack on 


= Sumter, he enlisted in the 9th New York Regiment “for the war", 
aN Restive of delays in fitting out this re regiment he sought and obtained ‘entrance re | 


sete er to the Medical Corps of the United d States Navy, passed the required medical 


ta4 examination, and received his commission from President Lincoln as om | 


= 


Assistant Surgeon. He was immediately ordered to Admiral Farragut’s 
7 a _ Squadron and w was with the fleet when the forts below New Orleans, La, 


were taken and through its advance up the Mississippi River and, ‘later, 
oe — the : siege ge of Vicksburg, Miss. In the autumn of 1863, after the fall 
of Vicksburg, he was invalided home, and having been discharged from the 
"Navy, ‘returned to his interrupted medical studies. He was married to Helen 
} Narcissa Moulton, an orphaned daughter of Dr. Franklin “Moulton, ¢ of Marey, 
= ey whose fathe her, Solomon ‘Moulton, a soldier of ‘the | Colonial Army in in 


"Battle of Long Island. “They sailed for Europe where for two years Dr. Burt 
studied ‘surgery in the celebrated hospitals of Paris and Vienna and o1 on their 


return he was graduated in York. He then began the practice ot 


medicine in Syracuse, was” s Visiting Physician at St. Joseph’s Hospital 


for a number of years, physician to the Board of Health, and for seven years 
# connected \ with the Medical Department of Syracuse University as Assist 
ant Professor of hemistry, and, later, as Professor of Materia Medica. | His 
wife died i din 1878, after a few days’ illness of A Sphold pneumonia, leaving ‘hme 


small boys, nine, seven, ‘and four years old 


Each person is, and n must be, largely the creator of his. own character 
~ fortune; still, there is back ‘of his. existence a power and an influence which 


«gives direction to is. thou; and actions. Great intellectual attainment 
2 


pane i and high moral purposes are as well founded in inherited ability from | a a family : 


Aaa line as from acquirement. “As ye sow, 80 shall ye reap”, is ‘a true to-day 
rin é as it was when it had utterance 2 2 000 years ago. Sound ancestry leaves | a rich 


\” ie the parent will ever live in his children, and, , in some “degree 


a direct the thought and action of the generations that are to follow where he 
has led. In the application of such Jaw the ancestry of. Aaron Moulton ‘Burt 
sent him forth. in this world with a ‘background in which ‘stood in bold 
relief, industry, energy, public spiritedness, capacity, and leadership, — 
The modest ‘education with which Mr. ‘Burt was. equipped was obtained 
in the public and private schools of Syracuse and at the Allen School in West 


Newton, , Mass. Til- -health and financial reverses on the ‘part: of his father 


- minated his education, and at the age of 15 he. returned to Syracuse. 
began work in a drug store. _ There he stayed Se three years; but becoming — 
dissatisfied because of long hours. and low wages, i in company with: a boyhood 


- chum he started West jo seek his fortune, ending his j siete a wild * 
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the mountains in a stage coach with a a dvi river, at 
just over the Saguache Mountains of the Continental Divide. During the 
“next year he had a varied, rough, frontier experience as asa ranch hand, a gro sage 
_ cery clerk, and a drug store clerk, sleeping in the drug store at night. a 
In March, 1885, in his nineteenth year, Mr. Burt secured a position with ae 
Bi “gurveying | party on the Colorado “Midland Railroad, then just starting its pro- prt : 
gram of locating and building its line into Buena Vista and down the Colo: 
tado River it into Leadville, thence ) to | Glenwood Springs and | New Castle, with 
a branch from Glenwood Springs to Aspen. He began as s Assistant Transit- ae pie 
a man; on him devolved the work of carrying 1 the transit. The first. survey je 
| which he was engaged was: from Leadville to Glenwood Springs. Until 
that time he had had no experience whatever with surveying Sactramssnte or ‘ete fe 
in engineering \ work but by exercise of poem’ and application he soon mastered 


the transit which he liked to describe as “an old ‘Stackpole’ that weighed 38 a 


Mr. Burt remained with ‘the Colorado Mi Midland Railroad until the end of 
“main lines: and investigating branch lines’ to coalfields. He 


arty, E next served on construction of the line and, finally, on maintenance on a « 

y in division out t of Leadville, having progressed” fron m Assistant Transitman to 

the Rodman, to Assistant Engineer on Construction, and Division 

Burt Maintenance. Despite his limited schooling was “described ‘by one of 

their 9 ~ his party on the Colorado Midland Railroa id as the youngest but ‘still, men- ’ 

eof i the most alert of the group, and even then he was showing evidences a A 

pital of those characteristics which later were so strongly marked in him. Dur- wee 

years ing the time of Colorado employment he became intimately associated 

sist- with John Cotton Dana, now Librarian at the Public ‘Library in Newark, 
His J. Between them there was formed an attachment which had n no 

} ree * - influence, as he has himself said, on his subsequent life, and which § grew even ae 

April, 1889, on the completion m of the work for the Colorado: Midland 

hich "Railroad, Mr. Burt accepted a position with the Big Horn Southern Railway 

nent § | Company as Assistant Engineer in charge of the location of a line from Sher- 4 4 
de idan, Wyo., to Custer, Mont., now a part of the Chicago, Burlington and Quincy — ae 


; _ System. in September, 1889, he left this work and joined the 1¢ Engineer Corps 
g _ of the Northern Pacific Railroad Company as a Transitman on the location. -* 
the Ceur d’Alene Line from Missoula, Mont., westward, up the St. Regis River a 
over the Cour d’Alene Mountains, through the St. Regis Pass t to Ceur 
d’Alene City, on Coeur @Alene Lake, , at the foot of the western slope of the 
In ‘May, 1 1890, he was ‘made a | Resident on 


along’ the: Rigis’ Rives, a mountain. stream 
that of W. L. Darling, M. Am. Soc. C. E., later Chief Engineer of the North- — - 

a ern Pacific Railway, under whom Mr. Burt served for a “number of years. % 

After the completion of construction of this line, Mr. Burt continued with — ea ss 

the the Northern Pacific Railway Company as Assistant Engineer o on surveys for ra * 

a various ‘line changes’ and grade revisions until February, 1892. In March of : 

year he went tot the and St. Lawrence 
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miles of. 
ie was finished in September, 1892, when he accepted a ‘position with the = 


n Chicago’ for this 
Mach to 1896, he was with the Wisconsin Northern Rail- 
a branch of the Chicago and Northwestern Railway, as Resident ‘Engi: 
i te! ‘heer on the location and construction of 15 miles of road between Leona and — 
—— Newald, Wis. This work having been completed a and with no further om 
be struction work in prospect on that road, he left it it at ‘the end of 1896 and, on 
inuary 1, 1897, re-entered the service of t the Northern Pacific Railway, with 
which Company, except ‘for. nine months with the United States tes Railroad 
Administration, | he continued an uninterrupted service until 1 his death. 
=: His initial employment in this period was as Supervisor of Bridges and 
a Buildings on the Minnesota Division January 1, 1897, to March 1, 1902, 
headquarters at at Staples and Minneapolis, Minn. From March 2. 1902, 
ss October 10, , 1903, he was Assistant I Division Superintendent at. Grand Forks, a 
= i N.. Dak. On October 10, 1903, he was 3 appointed Division Superintendent of 
ae Division, with h headquarters at Jamestown, N, Dak., in charge 
the maintenance Division, and ‘continued that 


until. his transfer to the Division on January 1, 1911. 


, as Superintendent of the Rohe ‘Mountain Division. On April 
a 1912, he was transferred to the Idaho Division : as Superintendent at ‘Spokane, 3 
Wash., where he remained until January. 1914, ‘when he was appointed 
oS Chief Engineer of Maintenance of Way of the entire System with headquarters 
a in St: Paul, Minn., in which capacity he served until April 1, 1918. at 1 
Ay ar On the latter date Mr. Burt was promoted to be Acting General col 
. c on Lines East of Paradise, Mont., , serving in that capacity u until August be 
1918, when he was made Assistant Manager. He held this office 


United States Railroad with headquarters’ at Wash- 
ee th ington, D. C. On March 1, 1920, he returned to the Northern Pacific Rail : 
way Company as Assistant to the ‘Viee- -President in charge of Operation. 
“sy was promoted to the pos position of Assistant Vice- President on May 1, 1923, hold 
ing that: Position until January 26, 1925, when, on the death of Mr. J Me 
Rapelje, he was’ appointed Vice-President i in charge of maintenance and opera: 
tion, serving in that capacity until his death at Jamestown, N. Dak., on April A 
20, 1925, of pneumonia contracted while on an an inspection trip. 
8 Mr. Burt’s petriotiem prompted him to make considerable effort to take — 
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the last of those Ww ho played a conspicuous part in this chapter of its history 
during t the past generation. _He knew intimately the story of its development 
from a single- track | 66- Ib. - steel rails, gauge, light and 
ars carrying a traffie of less than 4.000 000 t _tons, a line mileage of 4527, 
and at total track mileage of 5826, to a system brought to a high state of 
“operating efficiency by 1 grade and line changes, much inerease 

in weight of rail to 100 and 130 ‘and an increase in trackage ‘to 6 701 


boas of line, ‘with 10417 miles of track, carrying 24 000 000 tons of traffic | 

Mr. Burt’s experience in railroad service was broad and complete. F rom 2 


subordinate ina ‘surveying p party he rose to the highest operating position 
‘on one of the great American railway systems. Although 16 ; years of his | a, 
Business life were given to > engineering, 24 years were devoted to transportation des 
‘operations, and in ‘this branch he his’ greatest contributions. His « out- 

- ttanding donation to American railway operation was through his possession ae 

(Of a vision beyond that possessed by most American operating men. yk No! oper- es 

‘ating problem to him constituted a problem by itself, for he always considered E 
i it in its broadest aspects, its relation ‘to other elements of operation, and its — ee 


effect. o on’ future: operation.’ Out of this breadth of: vision “came certain ter- 
' dediaal developments on the Northern Pacific Railway so. constructed to serve 
3 ‘the present day and yet designed 80 as to require but a simple enlargement to 
-eare for future needs. He was one of the first American railway engineers 
to see clearly the economy in the’ standardization both of facilities and prac- ; 
tices, The high degree of such standardization and the broad lines of intel- 
‘ligent, comprehensive development of the Northern Pacific. Railway will stand 
as his individual contribution to American transportation, Gs 
th © During: the period in which he served the United States Railroad ‘Admin- 


“et istration as Assistant Director, Mr. Burt was also’ Chairman vot the Auto- a 


‘matic Train Control Committee, and planned and organized the work of that 
‘body i in a most judicious n manner, as is evidenced by its report. to the Director- P 
3 General in 1919. After he left the Railroad Administration he was na 
ithe ie representative | of the Engineering Division of the American Railway Asso- 
ciation on the Joint Committee on Automatic Train Control which acted in ~ 
_-eo-operation with the Interstate Commerce Commission in working out details 
for a practicable plan for equipping the railroads with automatic train~ ‘control <4 
In physique, Mr. Burt was much above the average height, being 6 ft. 3 i a 


tall, Straight, upstanding, and of moderate weight, his bearing was dignified, 7 


tblae kindling. in friendly humor or ‘steeling i in “penetration. of 

knotty problems, showed his sociability and power. He was possessed of a 
melodious, ‘Fesonant voice which lent agreeable support to “personal 


fe: ithe conflict he made appiicatio 
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MEMOIR oF AARON MoULTON 


or friendly talk, and of that grace ay — i 
laine ane could smooth a tense situation m and which always made him a 


delightful companion. As a young engineer on construction, he gave ove 
fF dence’ of that tact and diplomacy which in - later years served him so well in i 


handling many perplexing human problems which come to men of 


as possessed of pm analytical mind, a conservative manner, ‘and tem- 


- perate expression as a result of which his opinions carried great weight and 


Lis 
Bic readily accepted. He was tolerant \ with the differing 1 views vs of others and 


of exemplary hi habits and m moderation and ha had a , pleasing pp per 


sonality in a all ‘business and social contacts. He never | permitted his a 
to be ‘exclusively engaged his ‘professional duties, but ; 


re. 

His dealings with subordinates es were marked | by exceptional fairness and 

unusual ‘consideration. v was a keen student of human nature and bis 
knowledge of and interest in the human element in ‘railroad operation | Con- 


tributed largely to his success in this ‘field. He always took a 


a a modest he, nevertheless, by | perseverance ‘and constant use of the 
‘. _ powers with which he was endowed, neglected no opportunity for learning 
and enlarging his experience and thus pushed courageously forward to a place 
an leadership. His career should be a wholesome stimulus to youths of this day — 
who are forced to start life’s battle with meager equipment. 
— loved intensely the rugged Western mountains in which so much of his 
Re life had been spent and explored many of the promising trout streams in tt 
periods of summer recreation. Mr. Burt possessed a. peculiarly gifted — 
ere. ability to use -earpenter’s tools which inclination constituted with him an 
a -avocation and his chief recreation from his daily work. After a day’s work 
a in summer and on week ends he could divest himself of his cares and find — 
extreme pleasure ‘ in the actual building of things at his cottage by a pleasant 2 


‘Minnesota la lake. At other times he utilized this love of. to the 


with t two ‘adopted children, Lynda Olive. and Harold Glenn ‘Burt, sur 
He was a member of the American Railway Engineering Association from 
“March 28,1911. For eight years, from 1916 to 1924, inclusive, he was a mem* 
4 ber of the Committee on Signals and Interlockers, and a member of its Board — 
5533 4 of Direction from March, 1924, until his death. He was also a member of the 
Engineers Society of St. Paul from 1916, the Minnesota Club, the St. 


society. 
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tunities for deserving individuals. His entire life was an inspiration to the 
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Burt was married to Margaret James. a sculntress and 
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a OF AARON Mt ULTON 


4 Mr. Burt always showed a keen, lively, and | productive isteret in all worthy | 
enterprises the b betterment his community: 


“object den plan for of the area comprising the Twin 
Cities of St. Paul and Minneapolis, Ramsey and Hennepin Counties, in which | 
these ese two cities are located, contiguous territory. was among 
most active of Minnesota ‘engineers in the promotion of this large under- cfs 
taking and his loss has been keenly felt by that organization. _ Although he 
“held no office, elective or appointive, in the municipal ‘organization, he was 
always interested in public enterprises and public welfare. A call for meet- a 
ings, conferences, ¢ or some other form of assistance relating to the public wel- Ris 
- fare, was rarely issued but that. he would find it possible to be present and 1 to. a 
-@ncourage the movement by public speech and private counsel. 
ae:* was a a member of Unity Church, of St. Paul, a a member of its Board of 38 = 
Trustees, and active in its welfare and financial support. He ' was also much ket 
g interested i in art and music and lent them his earnest encouragement and sup- 
port although he was not gifted i in neither. a A 
> tole 1918, by invitation, Mr. Burt lectured before the Graduate School of i : 
Business Administration of Harvard University on “Railroad Problems”. ‘This 
‘address dealt mainly with phases of railroad organization and administration 
from the Viewpoint of a ‘Division Superintendent. lecture was greatly 
; appreciated ; as exceedingly , interesting and stimulating. At various times there- 
after he was urged to address the same school on transportation subjects but ae 
. natural | modesty and press of other duties prevented. We may pause and reflect 
that through his own achievement and self- acquired accomplishments he ome 
3 sought as a transportation authority to lecture before one of the schools of the Fr: a 
university from: which his was graduated and subsequently 
> ‘Dart of his professional education. apy of thinw 
simple and satisfying devotion, Mr. Burt, throughout his life, adhered 


to his creed that “the greatest thing a the world is to do his 4 


job well”. To this end he gave in his work all his loyalty and energy. Sid ee 2 
‘He was elected a Member ¢ of the American Society of Civil Engineers on re. 4 7 


May 81, 1916, and at the time of his death was President of the Northwestern mm 


Section of the Society. He had represented the Bestion on the 
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ites ROBERT WALTER CREUZBAUR, M. Am. Soc. C. 


‘He only son. of Robert and Lydia Rack 
father was a German-Austrian mechanical engineer great! ability, ‘who 


‘ealeontintly employed as Draftsman in the office of the Central Railroad é% 

1877 and 1878, he was engaged on the construction of the Sixth Avenué 

Elevated Railroad of New York. On the completion: of this work, he went 

cc. an Austin, where he spent about a a year on surveys and on n railroad:and dam 
construction. In he was employed by Mr. E. W. Bowditch, of ‘Boston, 
= Mass., on landscape and sanitary engineering work. 
From 1881 to. Mr. Creuzbaur was engaged in the Drafting Office 


Mr. Creuzbaur opened an office as Consulting Engineer in Southern) 
Leaving partner in charge: of the work, he soon ‘returned to New 
York to complete the designs of the mechanical work of the New Croton — 
Aqueduct. olf. oils, BO, bad olf od to 
Creuzbaur’s next engagement, from 1891 to 1893, was to prepare, as 
_ Assistant Engineer o of the New York Central Railroad, under t the direction _ : 
: = the late J.D. Fouquet, M. Am. Soc. C. E., the contract and working p plans — 
for the “Depew Shops”. On the completion of this work he was transferred — 


by the Chief Engineer, the late Walter Katté, M. Am. Soe. O. E. , to “The Park — eal 


2 Avenue Improvement”; he designed the 1 masonry , substructure ‘for a four- track 
bridge across the Harlem ‘River. ang 
° In May, 1893, he entered the service of | the City of New York, as Assistant 
‘ Engineer i in the Finance Department. In 1896, he resigned this position to se 
go into Private p1 practice in n Guatemala, Central America, where he he was s engaged 
ina number of private _undertakings, including the hydro- -electric develop- 


oir prepared by: 


— or ROBERT WALTER CREUZBAUR 
— of 
— 
as a young Ma LO PAUS Sselveuw tie vil Wear 
oe Confederate Army. On the restoration of peace he moved with his fori ig 
~~ es to New York, N. Y., where his son received his primary and High School — a 
education. Financial reverses prevented a university career. 
a 
=1881 «to 1891, he held a similar position with the Aqueduct Commis 
ea Bare sioners of New York under whose charge the New Croton Aqueduct was being Z 
built. For this work Mr. Creuzbaur designed, under the direction of the Chief 
Engineer, the late Alphonse Fteley, Past-President, Am. Soc. ©. E., ‘steel 
a ae: roofs, gate-valves, and sluice-gates, some of which were to be subjected: to 4 
A. 
— 
— 
— 
ae 
4 
ri 
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ment (of, the Rio Nige el for. Lighting, the.C City of Antigua... On his Peturn., to 
the United States to provide equipment for « one of these projects, he was 

obliged to’ give up his work in Central America, on account of the sudden 


‘death of his’ partner. During an interesting journey from “coast to “coast” 
‘he examined the work in progress | in the Pacific States, i in the mining r region 


Montana, and on the Chicago Canal. and 
~ After a’ short service in 1897 as Assistant Engineer in the Dibetlioent — 
bat Docks of the City of New Y ork, in charge ‘a sea-wall construction, | Mr. 
Oreuzbaur was as transferred to the Department of Highways and placed 
taliatge of repaving on Manhattan Island for w which about $3 000 000 was avail: 
able im 1897. On June 1, 1898, he was transferred ‘ss Assistant Engineer to. 
the Finance Department of the City | of New York and, o on October 1, 1898, 
promoted to the position of Principal Assistant: of this. Depatt- 
_ ment, serving throughout the terms of Comptrollers Coler and Grout in super- airs 
of all municipal work in the Boroughs of Brooklyn and Queens. 
Bs _ In 1902, while on a ls months’ leave of absence, Mr. Creuzbaur took charge 
the construction of the Oak Lane Reservoir at Philadelphia, Preis and 
ithe expiration n of this leave of absence he ‘acted as Consulting Engineer ee 
New York Continental Jewell Filtration and until the 


re completed. hip 


"Borough of "Brooklyn, who appointed him nas E Engineer. hile 
in ‘this position, which he held for five years, Mr. Creuzbaur re-organized 


2 ike Engineering Staff of the Public Works of Brooklyn and introduced many “ 
In May, 1911, he resigned his position in the City’s service to enter private ae 


"practice as Consulting Engineer, having an office for this with 


fe late Charles L. Parmelee, M. Am. Soc. C. E 


In 1914, Mr. Creuzbaur was appointed Consulting Engineer for the City 
ot Elizabeth, N. J,, _ to 0 supervise that City’s part in the elimination of grade 


crossings and work of the Pennsylvania Railroad and the Central 


Railroad of Jersey. This: work entailed an 


he was appointed Consulting Engineer by. the Emergency Fleet 

Corporation in connection with the construction of three ee well- known plants 
at Hog Island, Bristol, Pa., and at Newark, N. J. On the c completion of this Se 
in September, 1919, he resumed his in Newt York 


Consul 
summing» 


ove 2 
r than fifty years, one ‘vith range of f subjects 


Be covered. As ‘regards his character, he was a man of few words, ¢ a hard, | inde- 


3 fatigable worker, faithful, honest, and loyal i in the performance of his duties, me 
of excellent judgment in dealing important engineering questions. 


His services were of great value to the City of New York. In this connection, _ 
mptroller Bird S. Coler states: 1905, when he consboted 
Mr. Creuzbaur was very efficient in rapid transit work, and was my main pit a 
adviser’ in what was accomplished when, as Comptroller, I ph a nfember of 


i 
a — 
860, | 
&§ 
the 
nily 
of 
nue 
| 
— 
— 
ed 
— 
ief 
to 
by 
3 
ns 
rk — 
73 — 
a 
| 
— 
| 
— 
— 


st “Rabid Transit: He prepared the ‘arguments and 


which were used in persuading that Commission to make its first extension — 
: to Brooklyn. I thought so highly of Mr. Creuzbaur that when I became ; 
Raped President of Brooklyn I asked him to become Consulting Engineer 
to the Borough, and in that capacity he rendered to ‘me the same ¢ conscientious 
and able work as he did in the Page, 8 

. He died at his country home at East ‘abate. N. ¥., on J une 2, 1996, 


4 and is survived by his widow, Mrs. Jessie B.  Creuzbaur. alt 
4 was elected a Junior of the Society of Civil 
ingineers | on April: 2, 1890, an Associate Member on April 4, 1894, and, 

‘Member on April 4, 1900. He was also a Charter ‘Member of the: “Municipal 
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MEMOIR OF GEORGE EDWIN 3 


4 . George Edwin Gifford, the son of Edwin Sands and Harriett. (Searles) 
Gifford, was born at Long Ridge (Stamford), Conn., on March 20, 1864. The 
family i is a Colonial one, | his great- “grandfather, a native of Rhode Island, hav- 
ing served in the Revolutionary Army. ‘His grandfather was a Baptist min- = 
ister who held several charges in Eastern New York and Connecticut. _ His 
; father w when a young man taug ght school, but later engaged i in n carriage manu- ¥ 
facturing and continued in this business until his death, 
‘Mr. Gifford received his early education at Long Ridge, having 
both public a and private > schools there. He also attended a boarding-school in 
- Noroton, Conn., after which he entered the Stamford High School. Fora 
year or two after graduating from High School, he taught in the | country 
‘gchools near Stamford. ) In the fall of 1883, he entered Rensselaer Polytechnic 
Institute, at Troy, N.Y, from was araduated i in 1887 with the degree 
_ Immediately after his graduation Mr. Gifford was employed by the Louis-— 
_ ville Bridge and Iron Company, of Louisville, Ky., as a Draftsman and Shop 
Inspector. i In 1888, he accepted a position with the King Bridge Company, 
_ of Cleveland, Ohio, and except for a short time was with that Company until : 
- 1905, He was located in Cleveland until 1894, as Principal Assistant Engineer 
in the Designing and Contracting Department, and, later, was in charge of i 
designing and contracting. Among other work, he designed a 312-ft. swing 
bridge for the United States Government at. Oakland, Calif.; a canti- 
lever bridge over the Willamette River, at Albany, Ore.; a preliminary design 
- for the New York Central and Hudson River Railroad Company’s four-track — 
"swing bridge over the Harlem River, at New York, N. Y., and a swing bridge 
and viaduct for Tacoma, Wash. h. Heal also designed ex extensions to the plant of oe 
‘In 1894, Mr. Gifford was placed in charge of the New York Office of the — 
“Company, and took up his residence at Stamford. The New York office handled = 
@ ie matters pertaining to the sale and erection of bridges and structural work _ 
the Eastern territory. During this period, he was: also in charge, for 
—- of the erection of the New ‘York Central and Hudson River Rail- ae 
road Company’s four-track swing bridge over the Harlem River, and the — 
“Ship Canal Bridge at King: gebridge, N. Y. gal ly 
1898, Mr. Gifford was, for a short time, a member. of the H. Hood 
‘Company, engaged in contracting in and near New York. At this time, — 
moved from Stamford ‘to Maplewood, N. J. His. connection with the 
i: H. R. Hood Company proving» unsatisfactory, he e returned to his position 
with the King Bridge Company, and was placed in in charge of the New a. 
Office. He remained in this position until 1905, when he became connected | 


— the firm of Milliken Brothers, of New York, as Contracting Engineer. 
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nds of vers, 

ben this the | hands of Reodiv t the’ utter 
tt In 1909, Mr. Gifford assisted in the organization and 

: de nt of the Bowles- Gifford Company, Contracting Engineers, of New Yok 3 

‘In 190, he aon it advisable to interest others in this Company, and his 

efforts resulted i in the formation of its successor, The Jobson-Gifford Com- 


pany, of which he became Vice-President. ‘His active contiection | with the 


management of this “Company was of short’ duration, although he 
is interest in it until his death od! ti bev 
“Tn 1911, Mr. Gifford became Secretary of the Bridge Builders’ Society 
oe and of the Structural Steel Society, both of which had headquarters ‘in New 
“ York. Shortly afterward, when these two associations were merged, becéming sf 
the Bridge Builders’ and Structural Society, he was appointed as Secretary and : 
Petained that position until ‘the dissolution of the Society in 1922. There 
after, he was not active in’ his profession, but devoted his time to 
and local municipal affairs. AQUA ‘ois owt 10 
© When he’ became 2 a resident of Maplewood, Mr! Gifford identified him: 


“self actively with all i loeal affairs. He was a Director ‘of both’ the Maple 


He v was one "of the early Presidents’ of the Map Country 

_ Club; was active in church and Masonic affairs, having been a Past*Master — 

in his lodge. He served as Tax Assessor of the town for a number ‘of year, 

——- of a rather retiring disposition, Mr. Gifford was held in high esteem 
by all who were closely associated with him, and they will miss his qo 

He was married in Oleveland, Ohio, i in 1890, bend is survived by oom 


‘CeVake) Gifford, two ‘sons, a married daughter, and also 


ok Gifford ‘was elected an Associate Member of ‘the Society 
of Civil Engineers on October 7, 1891, and a Member on January 1, 1896: a 
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Ralow Wingate was in New York, N 
oe the son of Samuel E. and Sarah Edlow (Williams) Peiiiona He received his aa 
& early education i in the public schools of his native city and, later, _ at the New 2 

York Free Academy. In 1866 he centered the Engineering 1g Classes of Cooper i 
- Union from which he was graduated in 1872. During the same period he was ae 


> 


eg Bet prerhiely and 1884 he was | in ‘the office of the firm of es Post, and 


From +1885 to 1893" ‘Mr. Harrison served as of the State Board 
Assessors of ‘Tersey and as such originated: the: ‘methods of, 


hg In 1 1888 he held the ‘Position of Expert Engineer for the State wo 
J ersey ey and the Penney! Ivania 


Tas From 1888 to ane5: he: projected, and with his associates incorporated and: os 
built, the Raritan River Railroad of which he served as Chief Engineer and 
Director until 1907 and Director and Vice- President until his death. 


and i in : the State of New Jersey. ‘He was one of the first to guafiian the —. ! 
County ‘Boulevard, running fr rps Guttenberg to Bergen Point, Bayonne, of © 


planned with pee skill and foresight, ‘is considered one of the qreatest assets 
‘He was instrumental in securing an additional gravity st supply of 


a contract w was by the Jer ersey Water of which 
_ Mr. Harrison was 8 Chief Engineer, to supply 70000000 gal. . daily 4 from the 
Rockaway tributary of the Passaic River. This work involved an n expenditure 
of about $7 500 000 and was in 1908. 


and Mr. Harrison was ‘called in consolation in many 
controversies which arose as to the proper valuation for or taxation to be placed ee 
on the and also or on questions of valuation re regarding docks and ship- 
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“MEMOIR OF EDLOW WINGATE 


was in Court ‘as an n expert ‘witness dation in con- 
neetion with the diversion of water, power, and many other matters. = 4 
rom 1897 to he held the Position of Engineer fo for the | Central 
; ania, the 
Delaware, Lackawanna and Western, the New York Central (West Sh Shore) 
ing Railroad Companies, as well as the North German Lloyd Steamship Company, 
in the examination and determination of the physical | value of the terminal 
; 2 yards, piers, and structures on the New Jersey ‘shore front of New York Harbor a 
and the settlement of State and municipal 
a : He also acted as Consulting Engineer i in the examinatio ris report as to * 
the true present value ¢ of the Hudson ‘River Tunnels j in . the settlement of feos 
tion by the State, and made an examination | and report for. ‘the City 
Hoboken, N. J., on the value of lands and ‘improvements along i its water- front. hy 


: Me. Hartiion was consulted in the planning of the trunk sewer in the bie 


= 
Tn addition to his. other he carried on a engineering preci: 
. He had 
studied the sewerage and road works of Great Britain, ‘France; 


4 


Switzerland, and had used some of methods of 


mee 


him well during his engagements on important cases in 
ters interested him, and he was influential in promoting better copdiiient 
was interested in 
National Guard of New Jersey, for fifteen years. agp a member of eae 
ae - American Institute of Consulting Engineers, the Railroad Club of New Y ork, 
: Bes the New Jersey State Sanitary Association, the New Jersey ‘State Chamber — Bi 
of Commerce, the Hudson n County Historical Society, the Carteret. Club of 
ae Jersey City, and the Yountakah Country Club. Mr. Harrison was also a it 
member o of St. it. John’ s P Protestant Episcopal Charch of of J ersey_ City, until he 
moved to “Montelair, where he became St. James Protestant 
In 1886, he was to ‘Martha A. Bumsted who died the following 
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MEMOIR OF ‘HAWKSLEY rf 
NNETH PHLIPSON HAWKSLEY, M. Am, Soe. C. 


Phipson Hawksl ey was: born on September 15, 1869, in 
England. _ He received his education at Wellington College, Sandhurst, ond 


_ He was first employed under the direction of his father, the late Charles 
“Hawksley, a Past- ‘President of the Institution of Civil Engineers, who was - be 


a "partner in in the firm of T, and CO. Hawksley. He also served as ; Apprentice a ey ; 


of the workshops of the Glenfield Company, at Kilmarnock, Scotland, from 1889 re 

to 1892 2, and in 1898 studied at University | College, London. 

From 1893 to 1896, Mr. Hawksley engaged o on various deities 
rk surveys and in superintending the construction of of ‘engineering w work for the 
firm of T. and O. ‘Hawksley, including water- -works and p pumping stations, of 
, “which the most important were those at Sunderland, Bristol, Coventry, an 


Banbury, as well : as impounding reservoirs a at _ Newcastle-on- ‘Tyne, Bi 
“Huddersfield, and other places. He was : also e engaged in the co 
gas: rworks | at Darlington, , Sunderland, Lowestoft, and F olkestone, and of sewer- ; 


works at Birmingham and Yeovil, as well : ll as numerous smaller ‘works, He 
Vemntinued j in similar work until 1899 and took part in the responsibility of the J 


desi E Assistant for the firm. a 
gn, a8 ngineering 1 nt or the 

4 
On ‘January 1900, Mr. Hawksley, with his 


father and with him carried on a large practice as pry and Construc- = 
DOS 


tional Engineers, principally with reference to water, 


a 


in England and was: in constant request in giving evidence 
Parliamentary Committees | on behalf of ‘water corporations ‘and companies. 


4q _ During tl the World War he was appointed Consulting Engineer for Water o 
‘Supplies in connection | with the Mini: Ministry of Munitions s and designed and car- 
2 tied out the construction of large 6 works for the Gretna, Avonmouth, Queen’ a; 
% At the time of his death Mr. Hawksley was a py ae of the Council o of the i 
Institution of Civil | Engineers, having been elected i in 1921, and was the third a 
generation of f his family to serve in this capacity. This constituted record, 
as there was : no other instance of the kind i in the history of the Institution. 
was also a: member of several other scientific Societies. 


Mr. Hawksley was elected a Member of the Society o of Civil: + 


_.. * Memoir compiled from data on file at Society Headquarters and from information sup- 
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rom 1 1872 to 1873, Captain Heuer was placed in the 


to Battle Sountain, Nev., a distance of 387 miles. 


WILLIAM HENRY HEUER, M. Am. Soe. 


Raw 


ineers, 


fi first duty appears to “have ‘been in California, w where he was. plical 
r as. an Assistant Engineer on the river and harbor work of the P Pacific Coast, 


remaining there from 1886 until, 1870. During that period he’ superintended 


Bates the rem noval ¢ of Blossom m Rock (a menace in the Harbor « of ‘San F "ranciseo), ‘to hg 


yan. a depth of 24 ft. below low- -water. This work was done ear, contract by 


the eminent pioneer engineer California, tt “Tate” Col. Alexis W. 

2 von | Schmidt. Lieut. Heuer also 0 made a 1 reconnaissance for a military road og 

from Fort Churchill, Nev., to Boise City, 
870 he ‘was: promot ed to the rank 0 of Captain, and during’ thé 
was on duty” ‘at Willets Point, Y., as Adjutant 


U. S. Battalion of Engineers stationed 
i LS. 


removal of Halletts Point, ‘known as Hell Gate, Harbor, and 
a shaft on Flood Rock, 


an ir 4 

1874, he joined a Commission Military Engincers as a Junior Officer 

“to exa mine and report on the ‘possible interoceanic ‘canal routes” at Darien, 


ea and Panama, in Central America. During a part of the same & 
ae year he edit in charge of certain measurements to ) determine, with great 

accuraey, th e length of the Central Pacific Railway from Sacramento, Calif, a 


‘From m 1876 to 1880, Captain Heuer was on duty” at Key West, Fla, 


wae Gees Engineer, ‘and also in charge of the fortifications of this st station 
the ‘Dry Tortugas Islands. During that period he built two first- class 


lighthouses, ‘one on on. Fowey Rocks a1 


harbor “works, and fortifications; he served te 


nd the other on the A American Shoal of 


From 1880 to 1884, he was on \ duty. at New Orleans, La, in charge o . 


¥ 


Engineer. He ‘commenced the construction of the jetties vat ‘Sabine Pass, 


a "Texas, in 1882, and continued this work for two years, building in this connée 


‘ tion the lighthouses at South Pass and Sabine Pass, Texas, in Mobile e Bay, as 
Alabama, and also one at Fort Point, Galveston, 


“He ‘bass’ a Major in 1884, and was on duty at Philadelphia, Pa’ , during 
saa ie. _ While i in charge of the improvement o of rivers and harbors, fortifications, 


lighthouses, , he designed a a project for a “permanent the 


Delaware River, and under his a lighthouse on the 14- ft. bank 


St. Louis, Mo., on March 2, 1843, of 
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ME OIR 


work left in 1984, He to the Pacific in 1887, 


: with the exception of a year’s absence between 1896 and 1897, during which Caen 
he was on duty at Cincinnati, Ohio, in charge of the ( Ohio River improvements 3 
tend i as ‘a member of the Missouri River. Commission, he remained in Cali- 


until his death. papa jenn yodt woud aid 
‘He was in charge of the river and harbor work in : San F Francisco and 


became a member of the California Débris Commission appointed by. the 
State to regulate hydraulic mining. He also began the ‘construetion of the 


Humboldt Bey jetties during this period. mt OF 
In 1900, he was made a Lieutenant- Colonel and continued on the work — : 
the improvement o of rivers and harbors, “together with | the erection of 


lighthouses in San F rancisco Harbor in. other localities. on the Pacific 
Coast. The destruction of several well- known obstructions in San F rancisco Be 


Rock and the two Shag Rocks—was successfully, 

"During the Spanish-American War Heuer ™ in, the su 
marine defense of San Francisco Bay. rodeo 


_ He was promoted - to the rank of Colonel i in 1904 and, was placed on the ; 


4 “retired 1 list i in ‘March, 1907. After his re retirement opened an office in San 
Francisco, ‘a Consulting Engineer, ‘and. was ‘connected with a number of 


very important works on the Pacific Coast for a period of ten years. 


In April, 1917, Colonel Heuer was a again “called to active duty took 
charge of th the office of the Division - Engineer f for the Districts of San F rancisco,— 
Los Angeles, and Honolulu, Hawaiian Islands, ¥ which charge he held during 

the period of the World War until 1919. 


Colonel Heuer was not married. "During his niece, Miss 
_ Elizabeth P. Heuer, came from St. Louis, Mo., to care for him. Until his 
a -eightieth year he retained his good health and f faculties and was” well ab able 
to take care of himself; afterward old age developed within ‘bim | the symptoms 
of nephritis: and without very much suffering he passed away, a after a com- 


paratively short illness, on April 98, 1925. 


?P 
His funeral | was held in the Masonic ‘Temple, in San Francisco, 


su 


“April 30, 1925, with Masonic rites and with simple military honors, and was 
"attended by many of his old 1 friends, colleagues, and military comrades. et! es 
d Like so many of the early \ visitors to the Golden” State, Colonel Heuer 


became is infatuated with it, a1 and whether living in Ci California or far away from — 
it, he considered it his home, always: returning: to San Francisco when the 


later in life v was widely and favorably known throughout the Pacific 
4 7 


ile was a very popular and highly respected public character. 


— ‘The characteristics | of Colonel Heuer were those of a real ma 
the courage of his convictions and was never afraid to express an opinion © 


and hed Gefeng vigorously Whatever he thought to be just and right. It was = 


his great principle of life to be just and fearless, and accordingly he feared 
neither dangers n nor the opinions of He 


a 
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% sked himself the « question : “Ts it right ?” and when he came a his 


othing could swerve him, neither pleadings “nor threats. bed : ot 
i , he became known in all his official dealings: as the 


os scrupulously honest custodian of a trust. With him it was not only 
Sees a matter of dollars but one of cents, and all those who engaged in business — 


his office knew they must deal with a strict accountant. i 


Lae bin Those who had his confidence he trusted and defended, “but those 1 who 4 


failed him were sure to ‘be called to a severe He was quick to 

>: and did not mince » his words. He was ac critical reader and a man of 4 

i, ——_— logic. Reports sent to him had to stand the “fire test”, for he was 
to find the weak points in them if they had od 


A 
oh Colonel Heuer was a true “American of the old type, one of those who 
- under a ‘somewhat ‘Tough exterior have the tenderest feelings, who unostenta- & 


tiously, reservedly, and a Imost_ “shy yly, do great acts of humanity as if they 


He had a @ pronounced ‘dislike for all and and he 
was, indeed, « one of the finest representatives of the United States Pee 
Academy, one of those to whom the noble traditions of West Point had become 
sacred articles of fo duet edt of 

Colonel Heuer was elected a Member of the Society of Civil 
Engineers on March Garé 
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OF HOWARD VERNON 1 HINCKLEY 

HOWARD VERNON HINCKLEY, M. Am. Soc. Cc. 


shi Diep Marcu 24, 1926. ad? oi 
“ey : _ Howard Vernon Hinckley was born in Marstons Mills, Mass., on November — 


08, 1855. He was we son of Nathaniel and Ann (J Hinckley. 


From 1877 1893, Mr. Hinckley was employed in the 
ment of the ‘Atchison, Topeka and ‘Santa Fé 6 System. 
Engineer, which position he filled for twelve years—1881 to 1893—his_ duties 
a included the d designing of bridges, buildings, shop yards, track sppliance, 
“water stations, freight and “passenger r terminals; hydraulic problems on the 
Mississippi, Missouri, Kansas and Colorado Rivers; interlocking signals; 

inspection of pavements, sewers, and other public improvements in Chicago, 

‘Ti, Kansas City, Mo., Topeka and Wichita, Kans. and Pueblo, Colo. ; and 


| 


passenger and freight terminals in 1 Chicag ‘Kansas City, Pueblo, 

. From 1894 to 1899, Mr. Hinckley, as a Consulting Engineer, was engaged 

various irrigation, ‘railroad, bridge, water- -works, cower, light plant, and 
paving improvements. In 1897, he built the Melan Arch Bridge over the 
‘Kansas River at Topeka at a cost of $150 000, and also designed four municipal 4 d 
water- works systems. He acted as Sewer Expert in a ‘suit against the City of se 4 oe 


Topeka in in 1898. As Consulting Engineer, in 1899, he designed reinforced — ones 


concrete bridges for Des Moines, Towa, Columbus, Ohio, and several other 
tities; chief among the improvements handled at that time, were the ‘valustion 
of the Topeka Water-Works, and the ‘surv eying of Muskogee Townsite. From 
ms to 1903 Mr. Hinckley was United States Supervising Engineer for the — may h 


bridges were built in Platt National Park, at Sulphur, Okla. following Mr. 
Hinckley’ ’s designs. These designs were selected in Washington, as being 

better than any of those submitted by several bridge companies. Sewage and 
oy disposal problems took up his time from 1910 to 1913. Since 1913, a 


oa work had been . largely « confined | ‘to bridge and highway construction, and 4 


» ine “charge “of various municipal improvements Oklahoma. ‘Two Brg 


$33 


for the last few years he was connected with the State Highway Bridge — ie 

Always interested in Society. affairs, Mr. Hinckley a leader in oll 

- matters of interest to Oklahoma engineers, and for years his untiring work as ee te : 
‘Secretary of the Oklahoma Section of the Society, kept Oklahoma engineers — 


together. He also served as President of the Oklahoma Section in 1919. “enh ee i 
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oe respected and honored by all engineers who knew him and his death a 
vacancy in the Oklahoma Section that will be difficult to fill, 


November 17, 1880, he was married to Lettie S.  Cooldaugh, of 


we _ Towanda, Pa., who, with their two children, Mrs. Hila H. Wunderlich, of 4 
Oklahoma City, and Charles M. of Ponea City, Okla., st survives him. 
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JOSEPH WARREN HOOVER, Am, Soc. E.* 


ey With his two idbores William H. and Frank K., his boyhood was nist 
spent among surroundings typical of what might be called the second stage oe 


of pioneer ‘development, newly cleared land, ‘rail fences, ‘neighborhood flour 


tone education began with the country school at the nearest crossroads ¢ a 


=e 


was carried on at Mount Union. College, Mount Union, | Ohio. tot 
A combination. of cir circumstances determined Mr. Hoover’ ’s life work, 
- it incident occurring on a sweltering day when his breath was knocked out 
of him by the'handle of a plow which he was guiding. The result was a 
_ nite rejection of of farming as.a life occupation. _. The fact that his father, D 
Hoover, :through self-training, had become a competent Surveyor 
. quently surveyed the farms of his neighbors for or drainage purpo ses, etc., -prob- 
_ ably aroused his interest in surveying. At this:ti time a new railroad called the a5 
Valley Railroad was being run south from Akron, Ohio, » passing shout. Shee ~ 
miles to, the west of the old farm. _ This 3 may have palate to Mr. Hoover 


a employment other than farm work, In any event, he secured work during the s 


a summers on this new line which gave him experience in railroad surveying. ¥ ai 

4 This ¢ experience doubtless | led to his entering the University of Michigan i i éa) 
the fall. of 1872, He was graduated from the Engineering Department three 

a years later, in the spring of 1875. In this period he covered four years of 

work i in Civil _ Engineering and of the three working years 1 nearly one-half of 

each | was spent, during the construction season, in field. work | for the Valle 

‘Company. Of his. work and character at that t time, P. H. Dudley, 


Chief Engineer of the Valley Railway | Company, wrote on | September 21, 1874, at . 
as follows, “His ahead fidelity, and strict integrity are such that hey cm; 


After his graduation, Mr. -Hoover’s first professional employment was as 
in an Observatory i in Cincinnati, Ohio. This work was very inter- 
a esting, 1g, but no not sufi ‘iently lucrative, ‘and i in the fall of 1875 h e secured empl oy- 
ment as Engineer of the Indianapolis ‘Bridge Company.” . He irivested in 
‘Company all ‘the money he had saved from his summer in 
years. Wi thin a year, however, 
~ financial difficulties, and Mr. Hoover lost the investment he bes made ; atid his 
imployment de Well ~The effect of this experience wa was to implant in him a 
deep-seated and permanent conservatism which resulted in a life of hard work, Ser : 
planning, and avoidance, as far as possible, of large hazards, 
iF i a ‘He returned to Canton and for a time was engaged in designing and build- Be 


ing highway bridges. In 1878, he was employed as Engineer by the Wrought oe: 


ocin eine Memoir prepared by H. P. Treadway, M. Am. Soc. C. E. 
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MEMOTR: or JOSEPH WARREN 


Iron Bridge ‘Company, of Canton. He found this work i interesting, g, suficiently 
Femunerative, and well | appreciated, but much too confining, and, ‘in 1884, hay- 


made a contract with Tron Bridge Company to represent it 


. Hoover moved with his family to Kansas BS 
His eenityact was such that he was justified in devoting himself ‘to b building ag 


up creditable business which he ‘did through the succeeding ‘years. ‘The 


bridges and steel vidducts and his field therefore, followed that 


In the | West at that time there were few engineers engaged in the design a 
‘such work. of the county engineers were only surveyors and ‘not 
trained for economical bridge | or structural design, and Mr. Hoover’s s services 


often ‘sought by engineers for cities, ‘counties, e‘reet railway 


case of structures which were out of the le and whieh vedala be p proper 


ess that of an engineer, _— his later success was based on two cicmatalll| i 


tireless attention even to o detail ‘and absolute faithfulness to the interests of oy 
his customers. These deep-seated characteristics made possible his success ina 


field marked with the wrecks of m many failures. artist 


Hoover operated continuously under his contract with the Wroug t 
n Bridge Company for sixteen y years until 1900, when that Company, with 


about twenty-five other shops, was merged into and became part of the Amer- 
Bridge Company. at to qe odt st total 


--: In the next two years, 1901 and 1902, », the ‘\american Bridge Company passed — 
ee of re-organization ¢ of its various plants and Mr. Hoover ool % 


Lad its General Agent i in a limited territory. ‘That temporary 


5 
came e the ‘General Western “Agent for the Canton Bridge Coteus” 


is some time in 1 e sustained a physical injury which resulted 
t 1906 in the loss 3 of I his sight. _ After continuing for some time with the ; 


about. BOTT 


hope of he retired i in 1909 as eneral of. Canton ‘Bri 


wniil it became the single of | its kind in. City. Hes was 
‘s Mason, York and Scottish Rite, and a Shriner, a member of the nea 
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Mr. Hoover's strongest characteristic, perhaps, was ‘accuracy. was intol- 
of careless error, of negligence, and of duplicity, but patient with failure 
where there » had been genuine effort. He was faithful to > all trusts placed in oa 
‘him. His word was as good as any bon and he held the complete confidence 
of all who really knew him. _ Although naturally cautious, or perhaps because 


he was cautious and ‘conservative in his general | plan of life, he w was & go ood 


Mr. Hoover’ was’ married on 30, 1875, o Mary Catherine 


oer in the case of any unexpected, unforeseen disaster. Such ‘occurrences, 
analysis sand diagnosis, were simply “spilled milk”, Be , : 
His life was one of faithful service to others. It” was successful in a the 
ie f matter of financial reward, but the loss of his sight deprived him of the ie. «: SS 


_-rauff, of Stark County, Ohio, who, with a daughter, Helen Hoover Secrest, and aS" 


Frederick R. Hoover, Assoc. M. Am. Soc. O. E., survives him. 


_ Mr. Hoover was elected a Member of the American Society of Civil Engi- aes 
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Phelps Johnson was born at Warwick, N. Y., on October 2% 3, 1849, His 

school training was received at Springfield, Mass., | when ea 


"Seventeen years of he joined the Tron Works as Draftsman, 


with until “he “went. to, Ca anada_ in th the beginning ¢ 
pie) 1882 to join the Toronto Bridge Company as Assistant Engineer. ooh ae 
The Dominion Bridge Company, with its principal works at Lachine, Que, 


t Canada, was formed i in 1883 by ‘the interests owning the. Toronto Bridge 
ee pany, and Mr. Johnson then became the Manager anc Engineer of the Toronto : # 
Works, a position he held u until une, 1888, when these works were closed. and 


j = moved to the main office as as Ohief Engineer of the Company. While Man- 4 
= Joe a ager of the Toronto Works he was also in charge of the erection of the canti= 4 | 


lever bridge over over the Reversible Falls at St. John, N. B., Canada, and of the fin 

et rs St. Lawrence River Bridge at Lachine, both important structures in a rat: 

time. tof as end hiv Inter wae bused ma 
Johnson continued as Chief Engineer of the Dominion Bridge Com- 

pany until October, 1891, when he was General Manager. In 


ruary, 1910, desiring to be relieved from so some of the ‘details of management, 
fi _ he was appointed Managing Director, and, in October, 1913, President, a 
position which he held until January, 1919, when he retired | from active a 
ae He was elected a Director of the Company in 1903, ‘and remained a valu ued — 
Director and Member of the Executive Committee until his deat , | nnn “= 


is It will be seen from his record that Mr J Johnson occupied a leading posi- = _ 

: Bs tion in the Dominion Bridge ‘Company from ‘the time of its” inception until “7 

: vat he retired from active business in 1919. This was the period of Canada’s ti 
growth | in ‘the construction of railways and highways, during which notable 9 — 

bridges were constructed, many them under his direction. ‘These struc: 4 
the success” of the Company, and the originality displayed by 
in solving difficult steel construction problems | and in devising new 


Me erection methods, many of which are now common practice, are witness to ‘the 


genius of the man. of. tia sight. Afier continalng fot sors. ‘ 


or many years after the formation of the Dominion Bridge Compan 


were few in Canada, and was called 


and trust among those who came into professional or business contact nf 

‘The erection of the 1 800-ft. span at Quebec placed the unprecedented probe 
Tem before engineers of finding a practicable design that could be | safely com- a 

structed with reasonable economy of plant and preparation. That engineer 


prepared by G. H. Duggan, M. Am. Soc. C. 
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oF PHELPS J¢ JOHNSON 


: and industrial conditions i in Canada prevented this method from being fol- 

-Jowed and it was necessary to construct the Quebec Bridge of members com- — ee 
pletely finished in so that they could be quickly assembled in the 

Modern traffic the Quebec Bridge | to be more than 
twice as heavy as the Forth Bridge, so that members of very large size were ae 

needed which would have been ‘exceedingly difficult to handle if bridge 

were constructed with any of the ordinary arrangements 
"Secondary stresses and distortions due to cantilever erection ; also became for i 

ia a was natural t that Mr. J ohnson should have been n consulted an: and in close = 

touch with the sev eral projects for bridging the St. Lawrence River | at : Quebec 

although he was not successful in obtaining for his Company the first 
contract for the bridge, it may be said fairly that | his suggestions enabled the we 
Company to obtain the order eventually and successfully construct the bridge. es 

During the preparation of the competitive designs for tendering on the 

if final construction of the bridge, Mr. J ohnson suggested 1 that n many of the most 

serious obstacles would disappear by adopting a new form of web- -bracing, 


making what is now known as the K-truss, but designated by him at the time — a 


. had been built with consummate skill, plate toy plats at the site, but ae 


two members in each panel. it took little investigation to confirm his judg- ae 
ment that this offered the most. desirable solution of the problem with decided 
in economy of material and plant, uniformity i in deflections, and 
safety and ease of erection. = 

To carry out this ¢ great work the St. Lawrence Bridge Company ' was 5 termed E) 

Yi aad Mr. Johnson became its President and General Manager, at all times tak- — 
i ing a deep interest in the engineering side of the work, particularly in its 
erection. It was an application on a large scale of the qualities which dis- Ms 

_ tinguished his work throughout his career, his practical turn of mind and a 
wonderful insight into difficult problems of handling ma material, ‘supplemented by 
t the skill to devise methods for overcoming the difficulties ahead. hay Gani 
Although called to executive positions with his Company he never lost his 


interest in the engineering side of the work and kept in m towels with it 


4 as “half shear bracing” because of its function of dividing the shears between a Fe 


Mr. I ohnson w was a a bachelor, an and led a very y simple life, any 
in He had few recreations and did not mingle extensively in the social 
his associates; there was th thus nothing to interfere with his 


dominant interests, that of his profession and of his. Company. ‘He was, s ie: 


however, a publie-spirited “citizen, generously supporting the: _ interests of 


a others. ia No man in his community has been more revered : among his associates — oe 
© end those who came in contact with him in business. 
2 A little n more than forty years ago, , the writer became ass sociated as a Junior ae 
with Mr. Johnson, and the respect which he early formed for his character and Sas Fs 
ability was never shaken but only — in that catia bead feels that he ae 


much to his | example and counsel. 
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‘became a Member of the Canadia 
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of Civil 


University, Montreal, Canada, conferred on him the honorary 


Johnson was elected a. Member the American of Civil 
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WELLIAM PIERSON JUDSON, M. Am. Ses. €. mor 
a oH. teri FEBRUARY 12; 1995. woh odd to 
“William Pierson, Tudsom, the won of Col. John 
ay, Judson, was born at Oswego, N. Y., on May 20, 1849. Both his father and hi 
Dither were of American Colonial descent, his mother having been a a direct 
descendant o: of Abraham Pierson, the first President t of Yale C College. 1 oe 
ch, He was. s educated i in the public s schools of Oswego, having | been graduated | «a 
the High School in 1866. I His education mn was | continued by. study and 
getive practice under his father and Capt. ‘Jared ALS Smith, Corps: of Engi- 
“neers, | U. S. Army, both of whom | were e graduates 0 of the United | States Military ceer ; 


_ From 1866 to 1898, Mr. Judson. was in active service as a Civilian Engineer _ 


with the United States Corps of Engineers on fort, _ river, and 
surveys with headquarters at the U. S. Engineer Office “ Oswego, as follows: Pr. 
From 1866 to 1868, he served as Draftsman at Fort Ontario, Oswego, under es > 
| Captain Smith and Maj. Charles E. Blunt, Corps of Engineers, U. S. A. F = 
the next four years he was engaged as Draftsman i in connection with fort and — 

harbor construction on Lake Ontario, and from 1873 to 1874, he served as Sur- 

_yeyor and Draftsman for forts, rivers, and harbors. In 1874, Mr. Judson was 
4 appointed U. S. Assistant Engineer in executive charge of the surveys, design, 

and construction of river and harbor works, lighthouses, and forts on Lake 


ta 
ae 


Ontario and the St. Lawrence River, including Lake Champlain; the harbors _ = 
‘of Buffalo, N. Y., and Erie, Pa.; the rebuilding and repair of Fort Wayne, ee a 
Detroit, Mich. ; Fort Montgomery, Rouse’s Point, N. Fort Niagara, New 


York; and many surveys of "projected works, including 10 ‘miles of the Nar- 

Ys ‘He also made canal surveys and presented reports, as as follows: In 1890 he = 
% reported on the e Niagara ‘ Ship Canal, advisin ng a barge canal from Oswego to ree 

‘the Hudson River rather than a ship ‘canal.+ “ma 


“In 1896, he made ya survey and 
-Teport for the United States Deep “Waterway Commission on “The Oswego- 


Oneida -Mohawk Valley Route from Oswego to Troy”, » advising the eanalizing 


of the channels of these rivers. In 1897, he was detailed as Assistant ; Engineer 


to Maj. Thomas W. Symons, Corps of Engineers, U.S. at Buffalo, a1 and there 
Wrote th the body of the “Report on Ship Canal from the | Great Lakes to the — 


Hudson River”, the construction « advised being for barges rather ‘than for z 
ships.§ The report was the basis for the plans for the Barge Canal as. it was 


built the State of New ¥ York (1905-21 20). bo 
; In 1898, Mr. Judson entered private practice and was engaged as Engineer 
for the Contractor on on the the a 


* Memoir compiled from on at of the ae 
t H. R. No, 288, 52d Cong., Ist Session, 1892. 
"Report of the Commission, H.R. No. 149, 56th Cong., 1st Session 1900, 
$8. R. No. 86, Cong., 1st Session, 1897. 
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of the New York State e Highway System during. its years, 
Bee edited the publications of the Department, directed the surveying g and 1 monu- a 
eS menting of county lines through the Adirondack Mountains, and co-operated 


A with the U. S. Geo logical Survey in the eg of the State and the gaug ging 


sulting Civil and Elec ctrical Engineer. this pant he was also President a 
of the Broadalbin, NY, Electric Light and Power ‘Company and the Broad- 

_ albin Supply and Construction Company, Incorporated, as well as a Director R 

i . of the Broadalbin Knitting Company, Limited, ‘and the Broadalbin Bank. ‘He 
had also served on the "thie! ‘Water Power Canal, at 


He was married on | October 9, 1888, to Mis. |: Anite’ Littlejohn Thompson 
of Oswego, who survives h polata 


r. Jud dson was a e could r through all the viciss 


= well or others, he was ‘recognized as one poseeeted the 
ception of integrity and honor. “He was 3 devoted to his profession and main- — 


ee ‘tained a deep interest in it as long as he lived. — His death was a great loss to — 4 
those who were privileged to enjoy his friendship. ot bows 


et ogi was the author of the following books: “From the West and Northwest — 
the Sea by Way of Ship Canal” (1890) “An Enlarged Water: 


P rojects from Great Lakes 1768-1901” ; Roads and 


ntl editions of which were issued i in 1894, 1902, 1906, and 1909; > and “Road a 
08) He also wrote many y engineering 
Mr, i udson was a member of the Institution of Civil Engineers of Great 
: ety of Municipal Improvements ; Massachusetts High: 
way International Navigation Congress; American ‘Association — 


‘for the Advancement of ‘Science; Genealogical and Biographical Society of 


} 


York; New York State Historical Association ; ; American Defense 


of the ‘American Revolution: and | the Society of the War fof 
He was also a member of the following clubs: Fortnightly, City, Country, and — 
Yacht Clubs of Oswego; Antlers Club, of Amsterdam, N. Y.; Fo rt Orange, and E 
‘pecitilie | of History and Art, of ‘Albany, N. Y; Lake Placid Club, Lake Placid, 3 
N. Y.; and the Authors’ Club, of ‘London, England. <a _He was also a Mason, 


and a member of the Protestant Episcopal ‘Charch. In politics he was'a 


Mr. ‘Judson wa was a Memb her ‘of the tin of vil Engi gi 
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eo] From 1888 to 1892, Mr. Lockwood was with the Rochester Bridge and Iron Bi q 
| Works as Draftsman and Designer ; the following year he became Assistant to yt 
the City Engineer of Rochester on the trunk sewer, ef; {tunnel 10 miles 


yoll odt Ja exowdide of odt bitoW sdt 
 hygenag Datus Lockwood was born at Mt. Kisco, N. Y.,.on November 29, _ 
870. He) was a son of the late Ezekiel Sturgis and Caroline M. Ensign) 
Tha. Lockw: rood family were early inl: te being 
mentioned in the history of the State as far back as 1652. aoitareg3e oxani’ ua 
it His early life was spent in Rochester, N. where he was educated. He 


was gr graduated from the Rochester High School and spent four. years in the 


long, and in 1893 and 1895 served as Engineer in connection with the Roch- 


: _— Water Supply | on n the location and construction of 26 miles of steel water Re 


In 1895 ph 1896, he held the position of Assistant Engineer for the State ee 


of New York in charge o of a division of surveys of State. lands, and the follow- 


_ ing year was Engineer for contracting firms in charge of tunnel work and diffi 
—eult foundations. During 1898 and 1899, he ‘served as Principal Assistant 


3 Engineer with the United States Board of Engineers i in the survey and ‘investi- 


Canal Commission in charge of surveys for the location of the Boca San Carlos 2% : 
Dam and the ‘survey for Graytown Harbor. He was also in charge of estimates 


for the proposed canal and the design of the » harbor terminals. 


: EBovernment service with the United States Corps of Engineers, in charge 


of fortifications and river and harbor work during | 1901 and 1902. it ef as 


Leaving the ‘professional engineering field, he was with 


x large contracting firms in the construction of dams, tunnels, dry docks, and 4 


submarine pipe lines in various parts of the United States and also in Santo re 
Domingo, where he was in charge of the construction of concrete piers for the poke 


Memoir prepared by E. 8. Skillin, Assoc. M. Am. Soc. C, 
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for LOCKWOOG was Engineer an uperin ent 
for the construction endent _- 
of a large blast furnace at Frodsham, and built a com- 
to ochester in 1906 he became Assistant Engineer and Engineer 


of all. in and around Philadelphia for that Chala 
work included the construction of several large ‘Steamship ‘piers, both 
ie ‘substructures a and superstructures, and ‘the supervision of a large 
a upe u es, a pe ge part of 
‘. i the track installation on the elevated railway structure in Philadelphia. | Dur- 
ae ea ing the World War the construction of the first shipways at the Hog Island ¥. 
ards and the large Quartermaster’s Terminal at Philadelphia was carried out, 
i or ‘ws Due to ill health Mr. Lockwood resigned his position with the Frederi 
cid Snare Corporation and in 1925, on the advice of his physician, moved to Mien 
Fla. During the few months of his residence there he established himself in 
ie business, also taking | great interest in the various engineering problems in the 
be 3a large developments of Florida, and was elected Vice-President of the Engineer? 
active life was spent i in the various fields of engineering and constras: 
od tion in many places, in the United States, South America, t the West ‘Indies, 
and England. He had a very large acquaintance and many friends among a 
engineers and those connected with engineering matters. He was an untiring . 
oes nod _ worker and never saved himself when his time or energies were needed by his 
friends or business associates. He was always intensely active and interested 
Pax, a in any problems to be solved and had a keen sense of ways and means to over- i 
come unusual and difficult conditions. nd D081 
_ By nature extremely sociable, Mr. ‘Lockwood was intevented and an | 
active part in the several societies and organizations of which was 
member, such as the Engineers’ Club of Philadelphia, The Philadelphia Board 


Beas of Trade, and the Manufacturers’ Club of Philadelphia. He is survived by his x 


>. 


g — neers on April 3, 1894, an pens Member on October 7, 1896, and a Member — 
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‘MeCormick, was born, at Detroit, Mich., on May 1, 1853. edi 

aa Mr. McCormick was educated in the public schools of Detroit and at — 
Bryant and Stratton Business College. In 1869 he found employment i in his 
“father’s crockery and glass store. Upon the death of his father in 1872 and 

ae In the fall of 1878 Mr. McCormick became a Recorder on a Government — 


inc charge ofa ‘soundings cutter on the St. Mary’ s River in connection with. a ' 
survey for a new Hay Lake channel, made under the direction of the ee a 
"Alfred Noble, Past- President, Am. Soc. E. From the fall of 1879 to the 


"Engineer on railroad location and | construction in Eastern Michigan, and dur- 
_ ing the winter « of 1880 he located and built twenty-five miles of narrow- gauge 
railroad for the late Gen. Russell A. Alger. From January, 1882, to July, 1883, 
Mr, McOormick was a Division Engineer for the Grand Trunk Railway Com- , 
pany on construction between ‘Pontiac and J ackson, Mich. ta 
a In J fuly, 1883, Mr. McCormick entered the office of the City Engineer at 
Detroit, as Assistant Engineer in charge of the e Street Department. He 
“became City Engineer in 1898 and continued in that position, except aa , 
period of about one year, until January 1, 1917, when he 
retired from active work, The. increase in population of Detroit during the 
; time of Mr. MeCormick’s contact with the office of the City Engineer was from 
about 150 000 in 1883 to about 800 000 in 1 1917, or more than 400 per cent. Pr 
_ He was a public. official, possessed of a high sense of his respon: 
He was by nature careful and 
conservative and quiet of was keenly appreciative of the 
McCormick was elected ‘a Member. of the American Society of Civil 
a 


ngineers on September 7,1898. 


by John Ww. Reid, M. Am. Soc. C. Ko 
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N. on November 28, 
852, the. son | of “James ‘and Eliza (Smith) While he was 


- still quite young, his father who was a native of F airfield, Osis, eile 
his family to that place, and the boy was educated at the public | schools there 


and at Fairfield Ac: ademy. He also took a special course in ‘Mechaniea) 


“His service swith this Corporation terminated in 1887 and in the following 
he established a similar business for himself—the Morton Iron Works, 
Brooklyn—which he continued until 1906. ail ad rot 


ay In 1906 he ‘went to” Carbondale, Pa., whire ‘in association the late 
Alfred P. Trautwein and Mr. Frank A. ‘Dempsey, he founded, and became 
President of, the American ‘Weldin Company, with a plant at Simpson, Pa. 


This ; Company specializes in in the manufacture of steel products, such 
and ‘containers, that. require “highly. developed forge welding processes, 
upplies: many of the tanks used by the E. I. DuPont Company, the Standard | 


Oil: Company, and the ‘Texas Oil Company. Forged welded cylinders, hig 


Pressure tanks, furnaces, flues of large diameter, “boiler shells, and other 
work k are also ‘manufactured ‘and shipped to all parts of the 


yee) United States. When it was first opened, the plant had only 20 employees, 
: but its growth “has been steady and substantial, and when it was sold to the 

Shippers’ Car Line, a subsidiary of the. ‘Car and F oundry Company, 
a March 6, 1926, it covered 4 acres, with 15 buildings and 225 employees: 
Mr Rowland, who made his’ home at Carbondale, died at the Post- Graduate — 

Hospital in New York, N. Y., on April 18, 1926. Idug we ott 


‘During the World War, he invented and patented a for chlorine 


gas, of 1 ton capacity, which was adopted and used by the United States and ‘ 
4 . More than 8000 of these tanks were manufactured 
— this sag and proved to bea factor in helping to win ‘the war. Me 


of | Brooklyn, and on Taly 20, 1917, to Kathryn Ethel Schweizer, of of New ° York, 


He was the Improvement Company and the Great 
9 Neck Realty Company and a Director of the Manufacturers’ Association of - 
z New York. a He was also a member of the American Society for Testing Ma- 
Ris terials and ‘the Engineers’ Club of New York. He belonged to ) the Pests 
terian Church and was a Republican in polities 
Mr. Rowland was elected a Member of the 


* Memoir prepared by Freak Orchard, Enq. 
Car bondale, P 
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_, Oberlin Smith, the eldest son of George R. and Salome Kemp Smith, was s e ‘4 
in, Cincinnati, Ohio, on March 22, 1840. father was of. English 
parentage, the ancestral home having been Stoke, Dorsetshire, England, 
where Mr. Smith’s grandfather operated a flour mill and dealt largely i in wheat ag 
and other grains. The Napoleonic Wars br brought heavy ‘losses to the English aa 
‘people and were doubtless responsible - for ‘the: migration the f family 
"America between 1830 and 1840.0 

.* Oberlin Smith’s parents ‘owned and liv on two or three Ohio farms 

during his early years. The boy, however, had a ‘bent for mechanics and wien 
= fifteen years of age, he built a steam engine designed entirely = 

descriptions. given him’ by his father. ‘He also constructed toy water- -wheels, 
and other ‘apparatus, finally a attempting a -eylinder electrical machine 


from n bottles of various sizes s with holes eut ‘in the bottom with 


Oberlin Smith his father’s place, assisting ‘his mother in 
‘the education of his brother and sister. He attended the West Jer 
While quite young, 
and. Iron Company of Bridgeton and his. ability 
soon recognized. While working in the pipe-mill attached to the plant, he 
- Roticed that when the ends of pipe were cut off, it took the time of an addi = 
_ tional man to remove the burr on the inside edge caused by the cutting process. J 
thereupon invented a simple attachment which enabled the operator to 
cut and ream the pipe at the same » operation. n. The value of this labor- saving 
was so apparent, » that the Superintendent | gave him $50. “Mr. Sn Smith 


frequently declared that 1 no > reward subsequently received for his inventions was Be 


Tn 1863, h he went into ‘business for himself, building a small shop and | 
‘ducting a general trade i in gas and steam- fitting, plumbing, ar and carehitectural 


_iton work, such as iron fences, verandas, ete, He algo engaged in a general 
7 jobbing and ‘repair business, followed by the making of a few sizes of foot- 
presses for canning: factories, a beginning | which subsequently led to the 
“specialty of presses and as an almost exclusive product. 
Ott 


"Oh 1, 1864, Mr. J. Burkitt ‘Webb (afterward a Professor at Cor- 


‘nell University and Institute of Technology) became a partner, 


the firm name of Webb. Mr. Webb was for his 


| = Memoir from information on file at the of the Society. 
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OF ‘OBERLIN SMITH 


socket wrench to fall into the street, there no brake, ‘it was impos- 4 
The result. was ‘disastrous: to the « car, but fortunately the « 


was dissolve after several years and 
name 


Oberlin Smith and Brother. In 187 3, the shop and. a pt of the were sold 
and 1 new buildings were erected in East Bridgeton, N. J., and on J anuary 1, 
9 1877, the Ferracute Machine Company was organized, with Mr. Smith as Presi: ee 
ons dent, the regular products of presses and di dies being supplemented by a num : 
ia “ special automatic machines for the working of “metals. These ‘machines 


were largely abandoned later, in order to concentrate on the development and 


‘improvement of presses with their dies and other legitimate attachments, 
On September 27, 1903, the buildings of the Company were completely — 
el Be Pansies by fire, together with most of their contents. Plans for new and 
improved ‘shops were immediately prepared and erection was begun. The 


of buildings : are fireproof and fitted with modern devices, 1 many of 1 them designed 
_ by Mr. Smith, all the construction having been subject to his oversight and 
superintendence which was performed with the energy of a much 3 younger mani 
. Mr. Smith made several European tours of engineering observation, and, 
7 in addition to his wide acquaintance among American’ engineers, he knew ythe 
mechanical engineers of Germany and England. He was a 
contributor to the technical ‘press and, in 1896, ‘published a a book ‘entitled 
ao of Metals”, which had a wide sale. ‘This book covers a field 


that had been but little exploited to that time. cost 


had taken out about seventy: -five’ patents for inventions a number of 


which are connected with the manufacture of presses and other machines for 


cutting and forming metals. s. His inventive genius, however, covered a wide 


. ‘field as testified by patents on improvements in automatic egg b boilers, pil 
a a machines, milk- shakers, : a system 1 of gearing for turbines of ocean steamers, ete. 


Tn common with other self- made men, Mr. Smith possessed an dniiedl 
amount» perseverance and determination. Nothing “gave ‘him 80 much 


ag - Pleasure as to attack hard d problems, especially if his competitors had failed i in 
their solution. — In his younger days he started his daily task at an 4 


hour and frequently worked long into the night. In recent ears” he had 
+? my im become more careful of his health and allowed nothing to interfere with his 
Pes a daily automobile rides. He fe always took an interest in the mechanical features 


the better makes of automobiles. of which he had several. Among his i inven- 
- ote “tions is an electrical device by which the pressure of a button at a consider 
able distance from his garage caused the doors | to ‘automatically open and be Fi 
for the car when it ‘arrived. a 


— 
— 
The machine cOfiststed or an curry! small boiler and engine 
ae Be ce that drove the rear axle by means of sprockets. The contrivance was ¢ intert 
Ss ek the steam valve, for instance, being operated by a loose socket wrench in occup 
a 4 a of a hand-wheel. The car traversed the streets of Bridgeton to the delig ty M 
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Ep: He the most ‘of ten and seemed to enjoy being ‘ 
interrupted, having had the rare faculty of immediately resuming his previous _ ee 
= at the point where he left it on the arrival of the visitor. wah i 


Mr. Smith served the State of New J ersey Commissioner to the 
Pan-American Exposition in 1901 and as a member of the New Jersey De- 


partment of Conservation and Development. was also a Director of the 
Cumberland National Bank; a member of the Bridgeton Commercial League; x wie aay 
Past- ‘President of ‘the American Society of Mechanical Engineers, and a 
‘member of the American Institute of Mining and Metallurgical Engineers Rie. 
Institute of Electrical Engineers ; ; American Iron and Steel Institute; 
American Academy of Political and Social Science; Society for Encouragement _ Lam 
of Arts, Manufactures, and Commerce; Franklin Institute, Art’ Club, and 
-_Engineers Club, of Philadelphia, Pa.; Lotus Club and Engineers Club, of = Be 
N. Y.; Cohanzick Country Club, Bridgeton, a ‘and other organizations. 


& 
3 


a om On December 25, 1876, he was married to Charlotte Hill of Bernardston, 

4 Mass., who died in 1918. He is survived by his | son, Percival N. Smith, “Te Stee 
‘daughter, Madame Velko Roditchevitch, a brother, Fred F. Smith, and a 
at 
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ROBERT SOMERVILLE, M. Am. Soc. C.E* 


Robert Som merville was. born o1 on May 24, 1851, in Richmond, Va., and was 
there, living on Franklin Street, near where the Jefferson Hotel nay 


stands. ‘His early: education was received largely vat the University School of 


Richmond, a private school, of. which the Assistant Principal was Thomas R. : 


of. ond. at ‘Columbia, University in New York, 
ON) aS _ It was the thorough instruction received by Mr. Somerville from th 


mathematician which. lent so much to’ his “success as an engineer. 
After the Civil War Mr. Somerville attended the University of Virginia, 


* 
be gu where | he became a member of of the E Phi Kappa Psi Fraternity, to which Chapter, — 


ts . few years later, President: Wilson was elected. Mr. Somerville did not take 
any de ree at the University of Virginia, | but completed the resident work 
necessary for a a Civil Engineer and later would have been entitled to the 
had he applied for it, aadgiok pe ao 
ae. leaving the University of Virginia he was , employed by the One 
and Ohio Railroad Company" and worked under Maj. Peyton Randolph for 
years. in the vicinity of Huntington, W . Va. ‘The lack of home life ‘ 
= social advantages in that country caused Mr. Somerville to abandon his 
_—— Profession for a a time and he returned to Richmond and formed a a partnership | 
a his father in the grain and commission business, under the firm name of — 
R. B. Somerville | and Son. _ He did the bookkeeping and kept all the records 


for the firm, and his father did all the buying and selling. a 


While in Richmond and in this business he was married to Mary Lee, a ee 


close relative of Gen. ‘Robert E. Lee. had long been sweethearts and the 

‘marriage had been delayed by her ill health. When she died a year later, 
ig Mr. Somerville left Richmond and s again entered the e engineering field, a 
time to stay for the remainder of his life 

He was again employed by the Chesapeake and Ohio Railroad on 
- 2. the reconnaissance and location surveys for the extension from Huntington to o 4 
‘Cincinnati, Ohio. It was W while doing this work in . Kentucky that he was ¥: 

offered a position with, the Board of Mississippi Levee Commissioners. He 
accepted this offer went to Greenville, Miss., where he lived until his q 
° death on October 19, 1925. With the e exception of a short employment with 
the Georgia Pacific Railway Company (now the Columbus and Greenville 
‘Railway Company) on the location of its lines through the Mississippi | Delta, 

= Somerville was steadily employed by the Levee Board for 1 the remainder a 
we a of his life, and it was in this position that he did his real life weeks He was i 

e employed | as an Assistant Engineer for many years and, finally, the position 3 e 

Assistant Chief Engineer was created, to which he was promoted. s promoted. His fi 


ies ss * Memoir prepared by C. H. West and W. E. Elam, Members, Am. Soc. C. E. a A Ee 
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we orks problome.. 


a Mr. Somerville was always and conservative in all 


matters coming under his care; and his passion for record keeping gave the = «Mall 


Mississippi Levee District the most complete records of any Levee District 


as far as the writers know. I In passing, it might be added that a few years ago a 
collect data from all the Levee Districts j 
‘along the Missindippi River) dimilar 4 to the information contained in the 
‘ords of the Mississippi | Levee Distric €,: and had to abandon it because 8) 


“omany districts could only supply the total expenditures and could not ‘separate 


ved cost of | construction from the’ other expenses, such as overhead, intere 


een spent on actual construction, 4 
in n the other distrits it could only be éetimated. Yet Mr. Somerville, 
time when cost accounting was practically ‘anknown, devised a system of 
record keeping which was complete enough to supply reliable ‘data when | legis- 


lation was being urged in Congress for the improvement of thé Mississippi 


Mr. Somerville had a mild and most t gentlemanly manner, 
_ firmness when m necessary. His devotion to duty will ever be a landmark in th ase 


to was prominent in church and fraternal circles, For at least years 
he was an active member o 

Episcopal Chureh of Greenville, and he the church in every 


capacity possible for | a layman. Tn each and every place he’ was ready, compe- Ra 


tent, and willing to serve at all times. He was also quite active in ye 


‘circles, having been a Blue Lodge, Chapter, Council, Oom- 
~mandery, Shrine, and Eastern ‘Star. He served as the: highest official of each 
of these locally, and held many other local offices in the bodies; he also’ served a 

| the Grand Chapter, Royal Arch Masons, as Grand High’ Priest | for the 

On September. 16, 1 1885, Mr. Somerville. was Nellie Nugent, 

‘daughter of Col. ‘William L. Nugent, formerly of Greenville, but then residing ae 


in Jackson, Miss. To this union there were born four children, Robert N., oy 


Abe D., » Eleanor (Mrs. A. W. Shands), and Lucy R., all of whom ‘survive 


him, He will be missed by his devoted family and those who came in contact __ mt 
with him in a social and professional way. Yo os Yo 


Mr. Somerv ille ‘was elected a of the’ American Society, ‘of Civil 
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MEMOIR OF MILTON STEIN 


FREDERICK STEIN, M. Am, Soe. C. 


a i Milton Frederick Stein, the son of Max and Elvira Stein, was born i in 


in the “2 nite Schools of Chicago and was ¢ graduated from the University’ 
Bt 4 Illinois in 1909 with the degree of Bachelor of Science in Municipal and 
fe ‘Sanitary Engineering. In 1916, Mr. ‘Stein | received | the degree of Civil Engi 
a neer. His outstanding scholarship ‘and unusual thesis merited special grad: 
After his graduation, Mr. Stein entered the employ of Chester and F oi 
_ Consulting Engineers (now The J. N. Chester Engineers), ¢ of Pittsburgh, ‘ei 
Under Mr. Chester, he designed a number of reservoirs, pumping ste- 
, a water filtration plants, and other structures, at various places, in some 
Se instances acting also as Supervisor of construction and operation. 1. Among 
municipalities may y be mentioned Charleroi, New Kensington. 
ville, and Erie, Pa, 
In 1913 Mr. Stein was explores by the Water of the 
Gleveland, Ohio, where he supervised the tests for filtration of 
_ the water | supply. of that city. He was in immediate charge of the design 
of certain parts of the conerete work i in the Division. Avenue F iltration Flea iN 
and assumed a major responsibility. for the design of the filter details, chem- 
ical treatment ment equipment, laboratories, and the clear water | reservoir. He also 
made so! some me special investigatioms on the recovery of water "sludge and 
edt In 1917, Mr. Stein left the employ of the City of Cleveland and joined the 
eee Staff of Hering and "Gregory, Consulting Engineers, of. New 
York, where he remained for about a year, working ‘particularly on 


a Besa to the tele. Sewage Treatment Works. . In 1917, in order to be 
+ at home, Mr. Stein returned to vgn and became connected with the nae | 


associated with ‘the Filter as s Research Chemist 
‘It is understood 1 that in this position he a number of 
1921, owing to failing health, Mr. "Stein gave up regular 

oe and spent his time in 1 special investigation and study. In this connec: 

tion, he developed and patented with Mr. 0. A. J ennings, of Chicago, a a fine 
screen the removal of suspended solids from sewage. From 1938 
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"MEMOIR OF MILTON FREDERICK 


- his death, most of his professional work was done as an associate of the writer Ret 


as a en designing engineer, particularly on water- works problems. at Sot 


his nist known work i is his book entitled “Water Purification Plants and i 


Operation” , which was first: published i in 1925, the second edition ‘coming on out 
n 4 in 1919, while a third edition, completed just before his death, has since been Bia 
es published. - This book, which is of very high order, is considered a standard) 
d  §) textbook in its field. Mr. Stein not only had a brilliant and analytical mind, — 
ag but ‘was extremely versatile. Not only was he at home in the field of sani- 3 
tary engineering but he liked to delve into unusual and abstruse problems, 
“requiring the most intricate mathematical solutions. Furthermore, he was 
io an artist of 3 no mean ability and an accomplished m musician. By nature te 


was quiet and reserved and there were few who knew him intimately. These 
toe in him a true friend as well as a capable engineer. His passing 


ad e removes from the field of water purification engineering one who, perhape 

s ~ more, than any other, understood and was thoroughly conversant with the 

design, construction, and operation of such works. 

Mr. Stein was elected an Associate Member of the American Society ¢ of 

Civil on December 3, 1912, and a Member on September 9, 1919. 
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-MEMOIR OF JOSEPH STRACHAN 


a 
Yo 
Joseph Strachan was born at Nenburah, N. Y., on December 31, » 1859. He 
was a-son of J ames) s Strachan and Susan (McCullough) ‘Strachan, both: 
| His earlier education was obtained i in the public schools of Brooklyn, N. Y, 
to which city his family moved when he was a child. In 1879, he Nesi é 
a pee York University and was graduated in 1883 with Phi Beta Kappa honors and 
with: the degrees of Bachelor of Science and Civil Engineer; in 1886, 


pany, where he passed from the grade of Rodman to Chief of a construction 
i party. On this work he spent about two years and then returned to his home — 
Sige in Brooklyn and began work with the Kings County Elevated Railroad cub ‘5 
_ pany in December, : 1885, on its new elevated structure. For nearly four years i 
he was engaged o on elevated and surface railroad construction in Brooklyn, 
i serving as Draftsman, Inspector, and Construction Superintendent. His work ‘ i 
_ during this period embraced the design and construction of trestles, track lay- 
: + outs, coal pockets, conveyors, etc., and included work on the old New York 
—_ and Bath Beach Railroad, the New York and Sea Beach Railroad, and a 3 
Fulton Elevated Railway, the clear water ; 
= . In July, 1889, Mr. Strachan entered the employ of the then City « of Brook- 
ae lyn, N. Y., as an Assistant Engineer i in the Department of City Works, Bureau - 
Water-Works ‘Extension. In n this capacity he prepared detail plans of 


3 masonry for the extension of on water mains east of Rockville perreisnd Lang 


and surveys and estimates for proposed in the of streets in 
ig In 1894 and 1895, he conducted the work of strengthening a part of the 
brick conduit ‘near Liberty Avenue, Brooklyn, designed the connections of «d 
ae proposed 66-i -in. steel pipe conduit with a an existing conduit and the te 
os Pumping Station, and had charge of land purchases’ along the line of the con- — 
duit. From 1896 to 1900, he was engaged on the design of various 1s pieces of 


along: the aqueduet, including the location sur bene for | a ‘a proposed 66-in. 


1901 and 1902, he had charge of the construction of. a double pipe line 
ES _ of 48-in. cast- -iron | inter from the Milburn Engine House to the Milburn Efflux 


of the Oconee and Shetucket deep- well stations and of the a 
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Ja anuary 31, 1926, Mr. was a in the Bureau 
- ighways, Borough of Brookly mm, New York, N. Y. For a considerable ne 
of this time he was in charge of construction sit supervising the grading, — é 
paving, and repaving of many miles of streets. During his connection with a 
Lene work he saw modern pavements of asphalt and granite om concrete 
- foundation increase from about 95 miles to more than | 870 miles in the Bor- 
ough of Brooklyn, and the disappearance of the old cobble-stone and Belgian ‘ 
block pavements to the extent of 260 miles. In this work he had a large part, he 7 
not only in the s supervision of construction but in the preparation | of the plans 
and specifications, in the study of local traffic conditions, and in the collection arts 
of data relating to improved methods in highway Ty 
Strachan was a Charter ‘Membér and Past- President’ of” the 
7 Engineers’ Club and had served as its Secretary for more than twenty-three — ce 
‘years, from January, 1903, until his death. During his. incumbeney of ‘this 
Office the Club grew rapidly, inereasing in membership from about 200 to 
4 - nearly 500, a result due in a very large measure to his efforts and his active 
interest in everything pertaining to it. He was also a Charter Member of ey 
the Brooklyn University Club, “a member of the Zeta Psi Fraternity and — 
of the Zeta Psi Club of New York. ai od yatiwollor » 
ad) As Secretary of the Brooklyn Enginéers’ Club he 1914, the 
- first Industrial Exposition held in the Borough of Brooklyn. ‘This has’ now 
become a regular feature of the life of the city. 
“aol In 1888, Mr. Strachan was married to Mary Elizabeth Griswold, of Brook- 7 
lyn, who: died in’ 1921 . A daughter, Louise, and two sons, Kenneth and Mal- 
Tan In August, 1995, he was compelled to give up the active practice of his _ 
“Profession, owing to heart trouble. that 


J 
Strachan was a man of exemplary of «patient and. kindly 

4 


disposition, and one who had the respect of his associates and subordinates. 

courteous manner, his willingness to assist’ others, and his' consideration 
for the feelings of those about him made of him a companion whose loss will ee ee 
he a personal one to hosts ‘of those who were fortunate in having had the a 
opportunity of associating with him. 

_ Mr. Strachan was elected an Associate Member of the Society 
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ANDREW THOMPSON,, C. Et 


4 


et A 16, 1853. He was the third son of Andrew A. and Eliza (Stevens) Thomaee 
His seta: grandparents ¢ emigrated to 1 to this country from the north of Ireland a 


in early Colonial days. and both parents had several ancestors 3 who served in : 


nel After pursuing | his studies i in a the local ‘schools, he entered | the Univers 


Immediately after his graduation Mr. Thompson sought with, 
the ‘States Corps then being: orgenized for improving | 


nized 


on the improvement of the river. 6 ai ooh 
“a rom August, 1880, to 1925, he | employed continuously on various 
"engineering works for improving the Upper ‘Mississippi, | among which were 
the following: In 1887 he was in responsible charge of the construction 7 
he breakwater in Lake Pepin, near Lake City, Minn., and in 1888 rebuilt the 
breakwater in Lake ‘Pepin near Stockholm, Wis. rom May, 1896, to 1925, 
“he ‘was in charge, as Assistant Engineer, of she, river. improvements 
_ Winona, Minn., to the mouth of the Wisconsin River, a distance of 96 miles. % 
In ‘this period he built another | at Kings Coulee ii in Lake > Pepin and 4 


Wisconsin River, the section to attain the full projected depth of 6 ft. 

greatly complimented by his 

es - Mr. Thompson was the first to advocate and use large quantities | of brush ~ 

im constructing the training works used to confine the channel. This method — 

4 resulted in great economies in construction and in cost to the Government. Wag 
tie His Headquarters’ Office at La Crosse, Wis., established in 1895, was ‘relin- 
= on December 1, 1925, as the improvement work in that section was! 

completed, and the office force was transferred to St. Paul, , Minn. Mr. ®¥ 

‘Thom mpson died at his home in La Crosse, on December 15, 1925. 
It is a curious coincidence that the date of the completion of his i ieee 

diate work, of his retirement from service under the Civil Service . Retirement — : 


4 et, and of his death, all occurred on December 15, and that the « anniversary 4 


of his birth was December 16. He was a man nm who spent a long life under 


=" i, attained ‘the highest position to which he could aspire in : that service a1 oat wh 


a pi was contented with the modest emolument allowed his position, but who gave % 
his whole heart to his work and died respected | and loved by his friends and : 
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MEMOIR OF WILLIAM ANDREW THOMPSON 


Thompeoti wa 


ompson was of a highly sociable nature and enjoyed the company _ 


of his many friends. He took a great interest in the civic affairs of his home 
was member of the La Crosse Club and the La 


_ His age prevented him from participating actively in the World War, but 


gave son to tl the service, Capt. Alexander ‘Thompson, who went over- 


seas and is now head of the La Crosse Dredging “Company, at ‘Minneapolis, — 


Minn. Thompson took an intense and patriotic interest in the war 


i was active in Promoting the sale of Liberty Bonds, , serving on committees for ri 


On March 10, 1885, he was married to Myra Arntzen, of Quincy, Ill., the 
3 daughter of the Hon. Bernard Arntzen. His widow and son survive him. ll * 
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= Reuben Joseph “Wood was born at Kansas City, on June. 19, 1884. 
He’ was the only “child of William and Josephine Wood. “He received 


daly “education in the: public schools of San Francisco, 


= ; Had been his home since 1885. In 1903, he entered the University of Cal : 
fornia and was graduated with the degree of Bachelor of Science in (Civil 
Engineering in foot hermes od 2840 OT 


After his graduation Mr. “Wood was employed for about two years ‘wat 
. the Southern Pacific Railroad Company, designing ‘steel a nd reinforced con- a 
erete structures. Following this engagement he the contracting 
In 1911, he joined Staff of the City Engineer of San Francisco as an 
_ Assistant Engineer. From this position he advanced to that of Consulting 
Structural Engineer, in whi 1 capacity y he served until his death. — i 


During his employment i in the City Engineer’s~ Office, Mr. Wood w was” 


intimately connected with the design _ structural elements of 
a important public improvements, such as the high- -pressure ‘fire system, which 


included some large reinforced conerete tanks and a great number of cisterns; 


"poles; ‘the Stockton Street ‘and Twin Peaks Tunnels and the Fletch 
ze Hetchy Project, including the Moccasin Power House and the steel t towers — 7 


n the transmission line, and the O’Shaughnessy, Priest, Lake Eleanor, | 


‘the Municipal Railway with its reinforced conerete car r barns” and trolley | 


fa _ Although never of robust health, Mr. Wood possessed to a high degree 
those qualities of "energy, perseverance, resourcefulness, and loyalty which 
won recognition for him in the engineering service of the ‘City. Intensely 
interested in civil engineering, he found time to acquire a a large store of 
i _——scurs e information in the broader field of life. The quality of his work a 
= an engineer, the ability he displayed, and his steadfast devotion to his pro- 


fession gave useful and honorable career had his life been 


* Memoir wae] by Nelson 4 Eckart and L. H. . Nishkian, Members, . Am. Soc. C. E. 
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Carl Donald Bossert was born in W Washingtonville, Ohio, on May | 3, 1884. a con 

He received his early education ‘in the local grade and high schools and the Me 
Leetonia High School. He then entered Ohio State University and was grad- 


‘uated with the Class of 1908 with the degree of Civil Engineer. xi, when tas es 
_ During the summer vacations and immediately after his graduation from ae, a 
— college Mr. Bossert was with the Pennsylvania Railroad Lines West of Pitts- Eee 
~ burgh, | as ; Instrumentman and Draftsman on location, , working in Eastern a 
Ohio. In 1909, he resigned to accept a position with United States 
Government, laying out Government lands in Minnesota. He was” sta- 
tioned at San Francisco, Calif., and from there went to the Navy Yard at “ 
S. C., as Instrumentman. Prawwises, ix of tie pearing 
=f ‘Upon the completion of his work at the Charleston Navy Yard in 1910, 
| _* again engaged in railway work as Instrumentman on the location of the — 
Sandy Valley and Elkhorn Railroad, in Eastern Kentucky. 
In May, 1911, Mr. Bossert returned to Eastern Ohio to bested 
County Surveyor of Columbiana County, where he had charge of the location — sz 
‘and construction of several important roads, with bridges” and drainage. He a 
held this Position until a 1915, when he transferred to Wayne and Holmes ~ 


In October, 1918, he ‘was commissioned First Lieutenant of 


4 He was discharged from the Army in January, 1919. picaseld for. 
From March, 1919, to January, 1993, Mr. Bossert served as Bridge Engi- 
~neer in Franklin County, Ohio, working on preliminary surveys and plans 
; 4 for | the Greenlawn Avenue e Bridge and the changes in design of the Mound 
Street Bridge, at Columbus. He had complete charge during the 2 construc: 
In ‘January, 1923, he the employ o of Carl B. Harrop, Engineers 
as Construction Engineer and, later, became Superintendent of 


Mr. Bossert ranked high as a student, possessed a mind, had 
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worker, always had time to help a younger engineer. He was an 
; in every sense of the word and was always very active in technical cme ae 
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OF CARL DONALD BOSSERT 


societies. ‘unassuming, a d self-retiring, he held of all 


was a member of the American Association of an 


the possible, having been a a Knight "Templar, & Scottish Rite 


Mason, and Shriner. He was also a member of Acacia, National Collegiate 


Mr. Bossert was elected ad tnior of the American Society of Civil Engi- 
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HOMAS PATRICK O'SHAUGHNESSY, Assoc. M. Am. Soe. C. E.* 4 


Dis JULY 11, 1924, an 

July 21, 1898, the son of Michael and Anna I E. O’Shaughnessy. % He was a 
eldest of four children and was educated in Sar Franciseo and 
Oalif., receiving the degree of Bachelor r of § Science from St. Mary’s College, 
in Oakland, i in 1915. mail | nol woube » 
sl Following his graduation Mr. O’ Shaughnessy worked as Assistant Engineer ro 7 
for the California Highway ‘Commission until November, 1917, when 
entered the U. S. Amny 98 a Cadet Pilot in the Air Service of the + 
Corps. “He was in this service for more than a year, after which he was 
engaged with the Bureau of Public ‘Roads. of the 1 U. Ss. “Department 
Agriculture gntil J uly, 1919. He then ‘re-entered the service of the California 
Commission, as Engineer of Construction. 


‘In July, 1921, Mr. O’Shaughnessy became — Concrete Inspector on the 


Hetch Hetehy Dam for the City of San Francisco, i in charge of the pouring is 
of precast work and, later, in charge of the night pouring at the dam. After — 
‘almost a year in this was made Resident Engineer for the Tule 
and Baxter Creek Irrigation Districts in Lassen County, 


_ This memoir must of necessity be brief, _ for the life of “Tom” O’Shaugh- i: 
was ‘short one, his death occurring a a few days before his thirty-first 
birthday. During his few years of active work he made countless friends, 


with whom he has left, ineradicable memories of a dauntless spirit of youth, 
eoupled with a keen sense of ‘responsibility and judgment, which made 
possible to employ him in positions of trust. His was @ valiant, high- hearted — 


nature, and. it is hard to ‘think that he | is no ‘more a part ‘of ‘the actual life a 
of his associates, that henceforward he will be only a happy memory, - 
friends are happy to have loved him, happy that he has been happy’ with them, Ba iy 
happy to have been “a a port where he hath fitted himself for what « sea he — ae 


One of his fellow engineers on the Hetch-Hetchy work writes of him: ey 


“T> those who knew him best, Tom’s dominant was a warm 
heart coupled with a . fearless and independent mental attitude which was an 


inspiration to his associates. He was a fine fellow and I loved him” 


q He had a “way with him” 7; which endeared him to all, old and young, and, 
because his work was for the most part in mountainous country where Nature - 
is at its strongest and most beautiful, his associates will look for him in all i: 


that is most beautiful and strong: tie has od wilida 


Tn the sunlight of a morning in June, in the soft green grass that carpets es 
the uplands in May, in the sturdy oak whose head is unbowed by the winds © 
of a hundred winters, in the mellowed radiance of the harvest moon, in all — 


that we love in Nature we will look for our de eparted Aig lisran ig 2 


Mr. O'Shaughnessy was elected an of American 
Society of Civil Engineers on May 


Memoir prepared a of the San Francisco Section, Am. Soc. C. B. 
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Owen Shively wa was born at Day ton, Ohio, on 14, 1890. 


was the son of John D. and Elizabeth (Brubaker) Shively. _adivioog bi 


His early education was obtained in | the public schools of Dayton.’ In 


‘September, 1911, he ‘entered Purdue University, Lafayette, Ind., and in 
1915, received the degree of Bachelor of Science in Civil Engineering. During 
(his University course he spent two summers on topographic and sanitary engi- 


__ Mr. Shively was a good student and was actively ‘interested in student 
=. affairs He was a member of Delta Tau Delta Fraternity and of the Student 
BBP eas and was also Fraternity Editor of The Débris: the Year Book pub- — 
lished by the Seniors at Purdue University, 


after graduation he entered the employ of ‘the Con 
servancy District. For three years he was engaged as Draftsman, and, later, 


aes a8 ‘as Chief Draftsman, in the preparation of topographic ‘maps and other r gen 


eral drawings for the District in connection with the development of the plans” 
for th the Miami Valley Flood Protection System. In October, 1918, Mr. Shively | 


thy ‘was assigned to the construction work of the town ‘Dam as Assistant 

. — Engineer, and continued on this unit of the Project | until its com: 
oe “pletion in the summer of 1920. He was then transferred to ‘a similar | position — 
at the Taylorsville Dam, where he remained until November, 1921. “Through- 
the of the Miami Conservancy District, 


Shively won and retained the friendship ‘and good will of all his” associates, 
2. the work under his supervision was carried through in a most commend- 


neo’ ead od Jans bevol ovad of eis ebate 
ee, November, 1921, he was appointed Instructor in Civil Engineering at 


Purdue University and, in June, 1923, he was promoted to be Assistant ‘Pro- 


fessor, the } position which he held at the time of his death. He was advancing — 
rapidly toward maturity of judgment in his professional field and had spent 
= the summer of 1925 in making studies and designs of storm and sanitaty, 7 
ae 4 sewers for the City of Dayton. He died on March 25, 1926, of double pneu- 
monia after a short vow” bad 
4 i At Purdue, Professor Shively’s work was ‘mainly in Hydraulic and Sanit : 
tary Engineering. On account of his sympathetic contact with students, his 
ea ability to organize and carry out instruction, he was placed in charge of the 
ae administration of the course in Engineering Problems for Freshman '\@ Civil 
a Engineers. He always maintained the most cordial relations with his stu’ 
i a dents and at the same time commanded ‘their respect’ and maintained high | 
standards in his class work. His unfailing courtesy and genuine spirit of 
helpfulness will long be remembered by Faculty and Alumni. UO «aM 
Memoir prepared W. K. Hit R. B. Wiley, Members, Am. Soc. C. E., 
Ss. Pennett, Assoc. M. Am. Soc. C. od) lo vd bainagig ite 
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Chapter. ‘Only ty two weeks before his death ‘he delivered an excellent 
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Wilcox wae born in Menies, Oswego County, N. Yu 


s, following which he 


3 
was: s with the firm of ‘Waring, Chapman, and Farquhar, ‘New York, N . Y, 
sanitary engineering projects at Pensacola, Fla., Athol, Mass., ‘end’ Larch- 
mont, N. with which firm—the members were engineers 


the of F iItration of the of Pittsburgh, as Designing 
Con structing on various the filtration plant at Aspinwall, 


: 
became with ‘The Pitt Construction a Company, Inc., 


nd acted as Treasurer of the Company ‘until his 
Aside from his duties as Treasurer, he supervised the construction | 


of many important projects, among which were the Conneaut Viaduct, : a re ein- 
forced concrete, ‘T-span, arch-ribbed structure, 90 ft. high and 1500 ft. ft. long; + 


i mechanical equipment of the Filtration Plant at Buffalo, N. Y., consist-— 


ing of forty 4000 000-gal. filters; and the Longbridge Viaduct on the Lincoln 

anes In 1911, Mr. Wilcox ‘was married to Corbly Wood, of Pittsburgh, 1 : 
survives him. ‘He i is also survived by his father ond 


was active in civic and church affairs, and wa a Mason, a 
of the Mexico, N. Lodge, and the Duquesne Commandery and Syria 
Seed Shrine of Pittsburgh. Among other affiliations were the American ‘Water 
aa ‘Association, ‘Engineers Society of Western Pennsylvania, Associated — 
2 General Contractors of America, and the University Club of Pittsburgh, = 
‘Wilcox was a man of the highest character. ‘Being of a quiet and 
mde nature, a full appreciation of his many ee qualities was 
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for his “thoroughness in every detail of his: undertakings. His > 
influence and example w: was strongly impressed on his associates and his death eee 

leaves a gap which will be hard to fill. 
©” Mr. Wilcox was elected a Junior of the American Society of Civil — } 


neers on December 3, $01, and an Associate Member on March 1, 1910. a 
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a colt al EDWARD. JAMES CONNOR, Afili 


fd forall to A bre ,100 t & 
_ Edward Sean s Connor was born in New York, N. Y., on . October 26, 1877. : 


I ) received his early education at the Hoboken, N. J., High School, from fl 

which he was graduated with honors. | He ‘received ¢ a scholarship at 
Institute, Hoboken, but was unable we accept it on account of his father’s — 


1896, he ‘entered the office of Mr. William H. Jenks, a dock building 

= po far contractor in New York, as Draftsman and, later, as Superintendent of Con- 
struction, which peaitien he retained until 1909, “when the business was « dis- 
me" be solved after the death of the owner. During the period from 1896 to 1901, 


Mr. Connor took a night course in Civil Engineering at Cooper Union. 
5 a continued his studies in later years, until he became a proficient engineer, — 
capable in surveying, designing, and supervising construction. 


Between 1909 and 1925 he was associated with the Deuville Arita 
st Stone Company and John Monks and Sons, both in New York, and also with “iB 


Barth S. Cronin, Incorporated, of Brooklyn, N. » For five years previous 


vl and at the time of his death he was in the employ « of Allen N. Spooner and 

a Mr. Connor was of genial disposition with keen ability, remarkable for — 
re accurate details, especially competent in the design of piers, wharves, and sheds, — - 


besides his ability i in 1 supervising construction. long and varied experience 
_ in harbor ¢ engineering gave him knowledge, that was of value to a a constructor a 


work. He therefore has left a ‘vacancy y not easy | to fill. He wa was. beloved by his 


Batre in business, by his wife and family, and commanded a high respect — 
of his subordinates. ‘He leaves a widow and two sisters, — 
Me. . Connor was an Affiliate | of the American Society of Civil 


"Engineers on January 81,1910. 


* Memoir prepared by Allen N. Spooner, M. Am. Soc. C. E. 
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nd Co of 
Poitits” Nishician a Steinman’ Discussion: F. E. 
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Kansas, and Los Angeles, California, by the Union Syste 


“COLONIZATION, AGRICULTURAL. ‘ 

H. Griffith, John ‘Decker, Jr., and Jacob Feld. 


: ‘Stresses in Helically Reinforced Concrete — ”’ ’ A. . W. Zesiger and E. J. 
Na _ 379. Discussion: Missac Thompson, C. L. Eddy, E. H. " 

“Analysis of Continuous — — Arch Systems.” Charles S. Whitney. With 


“Corrosion of —.” John R. Baylis. 791. Wiles 
John G. Ablers,_ M. N. R. H. Bogue, G. M. Williams, O. 


@ Johnson, Walter ar 
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-Affeldt. (With Discussion.) 379 
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“Moments Restrained sad Continuous ‘Beams: by the Method of 
Points.” Nishkian and D. Steinman. (With Discussion.) 1. 
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som JS oft vd #0) bas 
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Tunnel Under Gowanus Canal, York. S. Stiles 


A: “Moments in ‘Restrained and Beams by the Method of 
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on interstate and international water problems of the United 
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‘SRA the Duty of Water Committee of the Harding 
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“Land Settlement of — — Projects.” Augustus Griffin. 750. i W. G. 

Swendsen, Charles H. West, R. A. Hart, R. K Tiffany, H. Newell, and 
“Present Policy of the United States Bureau ‘of Reclamation Regarding Land 
Settlement.” Elwood Mead. 730. Discussion: B. A. Etchevetry, 
Means, George C. Kreutzer, and O. L. Waller. 735.0 
“Stream Regulation with | Reference t to—a and Power.” Ce Stevens. (With 

he Financing of — Developments by Private Capital.” Shepherd. 
a 710. Discussion: John E. Field, Elwood Mead, an F, H. Newell. 718 
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SUBJECT 1 INDEX 


in’ Restrained and Continous Beast” by the Method of Conjugate 
Points” L. Nishkian and D. B. Steinman. (With: Discussion. 1 


PARKING REGULATIONS. © 


“Aerial Topographic | Surveys.” “George 


“Pipe Tunnel Under Gowanus Canal, Broke Nex! “York” 


tied Tunnel Under Gowanus Brooklyn, New York. Ss. 
end of Construction Cost of Certain Public Utilities.” Breuer, 


of Construction Cost. of Certain Pubic Utilities.” / William . Breuer, 


“Development of Industrial Sites and _ Trackage Layouts at Kansas 
Kansas, and Los _ Angeles, California, by the Union Pacific System.” 


Walter R. Armstrong. 994. Discussion: A D. Butler, Lester Bernstein, 


“Development of Industrial Sites and Trackage Layouts at Kansas City, Kansas, 
and Los Angeles, California, by the Union Pacific System.” 


“Analysis of Continuous Concrete ‘Arch Systems. Charles ‘Whitney. 


— 


3 
— 
— — 
— 
4 
— 
627. 
W Ad 4 
aa 
4 
i. 
a 
81 
— 
— 
— 
— = 
* 
ia 


Developed reservoir capacity, Western United States iver ‘basins’ for year 


“Evaporation on United States Reclamation Projects.” Ivan E. Houk. 


on.” 0. O. Lefebvre. re. 867 


RIVERS. 


the Duty of Water Committee of the ‘Trrigation Division.” 

‘Harding, Harry Barnes, Lynn Crandall, Augustus Griffin, 0. Israelsen, 
E. Murdock, R. L. Parshall, W. L. Powers, G. E. P. Smith, and O. 
“Interstate Water Problems and Their Solution.” M. C. Hinderlider 4 


Mecker. 1035. Discussion: Frank C. Emerson, and D. C. Henny. 


“Relation of Depth to Curvature of. Channels.” Ripley. (With Dis- 
with Reference to Irrigation and Power. J. 


Dibble, R. ‘Woolley, ‘Arthur P. “Davis, J. W. Swaren William 


a “The Work of the Quebec Streams Commission.” we O. O. Lefebvre. 867. ch 


‘Hardy Cross. Discussion.) 610. 
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in Reinforced Concrete Columns 
“Stresses in Thick Arches of Dams.” B. Jakobsen. Discussion. 


“Field Procedure e of Adjusting the ( Great Circle Line, to the Rhumb Line.” a 
N. Sweitzer. 1005. Discussion: Hodgson, DE. R. 
Faris, George L. ‘Hosmer, and Joseph James Corti. 1013. 


: jA-wieW ni wieW lo oft to 
‘Aeroplane Topographic Surveys,’ George T. Bergen, 627. __ Discussion: 
Harold C. Fiske, Arthur P, P, Davis, Haywood R. Faison, and Gerard 
“Increasing the Efficiency Transportation in 


ity Streets.” 
John A. Miller, Jr. 914. Discussion: J. C. Stevens, Harry R. Mile, 


Sekai ibaa Carl W. Stocks, John C. Long, W. G. Strait, Harold M. Lewis, William 
eer vss2 E. Thompson, Lewis A. De Blois, E. N. Johnson, Charles Gordon, jR. a 
Slattery, William J. Shea, Harold H: Dunn, Max Miller, William T. Lyle, — 
A Kennard Thomson,’ Snow, Theodore McCrosky, and F. Lavis. 
PUR “Pipe “Tunnel Under , Brooklyn, New York.” Stiles. 
Discussion ; Robert Ridgway, Meem, John R. Slattery, Henry q 
Seaman, T. Kennard Thomson, Frederick L. Cranford, Charles W. 
Staniford, and John F. ey Rourke. 464. 
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‘Stream Regulation with Refétente ‘to Irrigation and Power.” 


“Determination of ‘the Duty of of ‘Water in Water- Right Adjudications Report 
of the Duty of Water Committee of the Irrigation Division.” S. T._ 
es Harry Dene, Lynn Crandall, Augustus Griffin, O. W. Israelsen, 
H. E. Murdock, R. L. Parshall, W. L. G. P. Smith, and O. L. 
Waller. (With Discussion. ) 1074. . Ta. 
Meeker. (With Discussion.) 1035. 
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ie “Stream Regulation with Reference to ar and Power.” 
“The ‘Wo ork Quebec Streams * O. Lefebv 
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problems of the Unite 
$6 W Yo ‘mt lo, 
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